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I INTRODUCTION 
The Limnaea group of gastropod iolluica usually 
show dextral coiling. 	Hovrever, at two isol:ted 
localities, one near Leeds and one near Swansea, 
sinistral individuals of L. peregra have been found. 
(Plate 1) On the base of extensive breeding 
expflriments with dextral and sinistral L. peregra in 
which the snails were either self - or cross-
fertilizing Boycott, Diver, Garetang and Turner (1 030) 
showed that some characters, such as shell colour and 
albinism, show normal Mendelian inheritance with 
segregation occurring in the F2 generation, but that 
the character of direction of coiling does not appear 
to follow this Ample Mendelian type of inheritance. 
They found that four brood types were apparent. These 
they designated as: (1) 	A - broods in which all 
snails hatched are dextral: (2) K - broods in which 
all snails hatched are sinistral: (3) E - broods in 
which sinsitrals predominate but one or more dextrals 
are present: and (L) F - broods in which dextrals 
predominate but In which one or more sinistrals are 
present. 	They believe from these experiments that 
the gene for alnistrality behaves as a 1endeli'in 
recessive but that the phenotypic appearance of any 
change in the directiun of coiling due to cross-
breeding Is delayed by one generation and segregation 
does not appear until the F3 generation. 	However, 
this explanation was complicated by the a'pearance of 
dex tra]. s/ 
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dextrals ''here sinistrals would be expected. 	They 
believed these dextrale to be due to the occurrence of 
genotypic and phenotypic dextrals. 	The genotypic 
dextrals they supposed as arising from complete or 
incomplete mutation to dextral in a sinietral stock 
(F - broods); no explanation was offered regarding 
the genetic basis of the phenotypic dextrale in 
ainistral broods (E - broods). 	It was suggested that 
since the expression of the gene controlling direction 
of coiling was delayed by one generation that the 
presumptive direction of coiling and cleavage of the 
developing ovum was determined by the genetic 
constitution of the oocyte before extrusion of the 
polar bodies. 
The results of the breeding experiments of 
Bo, cott et al have had sipport from the breeding 
experiments of Diver and Anderson - Kotto (1938) who 
have also found mired broods due to mutation and 
action of modifier genes. 	Crampton (1916-1214) found 
a similar condition in the viviparous genus Partula 
and recent experiments by Degner (1950) with 
Lucinlaria biplicateL have shown that rate of growth 
shows a delayed inheritance similar to that of coiling 
in Lirnnaea peregra. 
The first embryological contribution to the mode 
of the determination of the direction of coiling in 
inollueca was made by Crampton in 18914, who pointed out 
that certain gastropods with sinistral or reversed 
shells also show a reversal of direction of the 
torsion/ 
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torsion in their spiral cleavage. 	This correlation 
between direction of coiling in the adult and 
direction of spiral in the cleavage of the egg has 
been confirmed by many later workers. Crampton's 
original work was based solely on observations on the 
elnistral genus Ph-yea and the dextra]. genus Llrrmaea. 
But it was the detailed cell-lineage studies by 
several workers toward the end of the last century, 
notably Wiezejeski and Kostanekl (1897) on Phyea 
fontanalls, Lillie (1895) on Unlo, Conklin ( 1897) on 
Crepidula and Holmes (1900) on Planorbis trivo].lus, 
which gave most indisputable support to Crampton's 
work. 	These cell lineage studies showed conclusively 
that the cleavage in dextral :nd siniatral forms 
agrees point for point up to the time of primary 
mesoblast format:Ion except that in the elnistral forms 
there is a reversal of the direction of every cleavage. 
The earliest stage at which the reversal was observed 
was in the cleavage which led to the four-cell stage 
and which gave rise to a different position of the 
ventral cross-furrow in the two forms. Thus In forms 
with dexiotropic cleavage the ventral cross-furrow at 
the four-cell stage when viewed from the animal pole 
Was bent to the right, while in forms with reversed 
cleavage it was bent to the left. 	Later work by 
Conklin (1902) showed that at the two-cell stage there 
is evident a displacement of the nuclei which 
foreshadows the direction of the second cleavage 
spindles and thus of the cleavage planes and ventral 
cross-furrow. 
Several/ 
Several workers have suggested various evidences 
of the onset of reversed cleavage and symmetry. Mark 
(1881) first described spiral asters in Limax and 
since then they have been described in widely 
separated groups. 	Rabi (1900) suggested that the 
direction of spiraling of the asters was correlated 
with the direction of spiraling of the cleavage of 
that species but detailed :ork by Conklin (1903) gave 
no evidence to support this hypothesis. Holmes (1900  
thought there might be a slight torsion in the cells 
of the head vesicle of the developing embryo but was 
unable to ascertain whether It had any connection with 
the final asymmetry of the animal. He also drew 
attention to the fact that In the Planorbis embryo the 
arms of the "cross" exhibit a slight torsion In a 
laeotropic direction. 	This he believed was associated 
with the reversed cleavage of this form though this 
torsion could not be traced far through development as 
it was no longer evident by the time the "cross" had 
become two isolated patches of small cells. 
Conklin (1903) has suggested that reversal of 
cleavage and asymmetry in gastropods Is due to a 
reversal of the polarity of the eggs between the time 
they leave the ovotestes and the time of the extrusion 
of their first polar body. 	But from his examination 
of oocytes of Linux, Polygyra, Succinla, Llxnnaea, 
Physa and Planorbis he could find no evidence to 
support or contradict his hypothesis. 
many/ 
Many workers including Conklin, Morgan, 1lson, 
Clement and Raven have performed centrifuge experiments 
on various mollusc eggs, some for the purpose of 
examining the nature and determination of polarity In 
these eggs. 	Their results all Indicate that primary 
polarity 18 determined before or during matur-ition and 
is unaffected by the localization of visible 
cytoplasmic constituents. 	Polarity of the ego' has 
been described as 	(quote Cowdrey) ....."the earliest 
recognisable and most fundamental differentiation of 
morphogenesis ..... the chief factor In determining 
localization of developmental processes 
(e.g. segregation of different ooplasnulc substances 
and of specific physiological activities, the 
orientations of mitotic figures and cleavage planes, 
and finally the polarity and symmetry of the adult.)" 
In view of the fundamental nature of polarity all 
the experiments described In this work have been made 
with a view to further Investigating the nature of 
polarity and Its relation to cleavage and symmetry In 
intact and partial embryos of L. Peregra. 
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II MATERIAL AND _METHODS 
MATERIAL 
The original snails belonged to a siniatrol stock 
of Limnaea peregra collected from a pond at Tycoch. 
near Swansea, Glanrgan, In July, 1947. 	The 
Individual snails were classified according to the 
direction of their coiling. 	Each breeding season 
additional local dextral L. peregra were added to 
supplement the supply of eggs from pure dextral stocks. 
These supplementary snails were collected from the 
weed in the following ponds: Elf Lock, Braid Hills, 
Edinburgh; Limestone Quarry Pool, Pencaitland, 
Midlothian; Dalkeith Palace Curling Pond, Dalkeith, 
Midlothian; and the Horse Trough, Carlopa, 
Peebles-shire. 	The snails laid eggs during the 
months June - September In gelatinous egg masses each 
containing from 1-60 eggs (average 8 egis In captivity; 
35 in nature). 	Each egg was enclosed In an 
albuminous capsule and the capsules embedded in the 
common gelatinous matrix which constituted the'jelly" 
of the egg mass. 
METHODS 
1. Adult snails. The general stocks of snails were 
kept In flat glass dishes each containing about 
1 9,500 ML. filtered pond water. 	Thirty or forty 
snails were kept in each dish. 	Individual snails 
were isolated In one pound jam jars each containing 
about 250 .ML filtered pond water. 	Twice a week all 
the/ 
the snails were fed on washed lettuce leaves. 	The 
water In all the dishes was changed once a year or as 
required. 
Egg masses were collected Dour times a week from 
the Isolated snails and the progeny from each snail 
kept In an Individual jam jar. 	When large enough 
the young snails were isolated as single snails Into 
Individual jam jars. 	This procedure was repeated 
with each generation, that Is, once a year under these 
cultural conditions at 180C. 	Egg masses from the 
general stocks were collected as required for 
experimental purposes. 
During two breedInc seasons Hydrocharis weed was 
introduced Into some dishes for two-day periods twice 
weekly. 	Raven and BretechneIder (19142) had reported 
that this weed produced a strong stimulation to 
egg-laying In L. stagnalis. 	I found that egg-laying 
In L. peregra was slightly stimulated but that a high 
proportion of the eggs produced under such stimulus 
were abnormal. 	Analysis of the egg production 
figures shows that the total number of eggs laid by 
each stimulated snail In a season was no greater than 
the total number laid by unstimulated snails of the 
same genetic constitution. 
Adult snails required for fixation were killed by 
placing In sealed tubes of cold boiled water. 
Fixation was In Bouin or Zenker and staining in 
Haematoxylin and Eosin or Heidenhaino' Azan. 
The! 
The glands and ducts of the reproductive system 
were dissected out of killed snails and centrifuged in 
physiological saline solution at 2,000 r.p.m. for 
20 minutes. 	In all cases the tissues were fixed 
immediately after removal from the centrifuge. 
2. Embryos. Egg-masses were normally cultured in 
small petri dishes of filtered pond water. 	After 
hatching the young snails were transferred to vials or 
one-pound jam jars and fed on shredded lettuce leaves 
as often as required. 
	
Capsulated eggs were most easily removed from 	I 
their jelly if the egg-mass was first dried off on 
filter paper. 	The capsulated eggs could then be 
removed, using fine orceps, to watch °lassee 
containing sterile fluid, 14% Germ Acacia; 0.5 - 
Glycogen or Limnaea saline were all used with success. 
Tap or distilled water as used by Raven and Kiomp 
(1146) as a medium in which to decapsulate eggs of 
L. stugnalia was found to be useless with L._peregra 
on account of the immediate swelling of the egg. 	The 
capsule was removed using fine porceps and a tungsten 
wire needle under high power of the binocular 
microscope using direct lighting. 	Decapsulated eggs 
were cultured in sealed watch glasses of sterile 
medium kept in a damp chamber at 18 0C. 
For/ 
For experimental purposes eggs were cultured in 
various concentrations of solutions of Calcium 
chloride, Magnesium chloride, Potassium chloride, 
Lithium Chloride, Thiourea and in very dilute solutions 
of Silver nitrate. 
Capsulated eggs and egg masses of various ages 
were placed in Liinnaea saline solution In the tubes of 
an M.S.E. centrifuge. 	They were rotated at a speed 
of 2,000 r.p.m. for periods ranging from 10-20 minutes. 
No artificial suspension medium was necessary to 
prevent overcrowding since the albuminous capsular 
fluid surrounding each e.g Is of approximately the same 
density as the egg. 	After centrifuging the 
encapsulated eggs were isolated and cultured In Lirriaea 
saline solution and the history of each egg followed 
throughout development. 
The majority of the eggs were fixed in Boiiin; 
the rest in enker and Carnoy. 	After fixation eggs to 
be sectioned were implanted in albumen which was then 
coagulated with alcohol, fixed, deh:;drated and cleared 
and embedded in 52_5140  Paraffin wax. 	Serial sections 
were cut at 5 and 	the majority were stained in 
Heidenhalna Azan or in Haematoxylln and Rosin. 	Whole 
mount preparations of embryos were stained In either 




Preparations of intact embryos to show cell 
boundaries were made by the method described by 
Holmes (1900). 	Eggs were decapsulated in 0.75 Silver 
nitrate and exposed in the silver solution to bright 
sunlight or 11.V. light for 10-20 minutes. 	After a 
quick wash in water the silver precipitate was fixed 
on the embryos by rapid immersion in a 0.2% solution 
of hyposuiphite of soda followed by fI:ratlon for 
several minutes In a saturated solution of pierlo aled. 
Preparations made In this way gave clear pictures of 
cell outlines but were found to be most impermanent. 
Capsulated and decapsulated eggs were studied in 
the living state by vital staining in concentrations 




A. NORMAL DEVELOPMENT 
Eggs and sperm are produced side by side from the 
common germinal epithelium of the ovoteates. According 
to Bretaehnelder (1948) the development of the egg fran 
the oogoniuin to the fully grown oocyte, In L. stagnalls 
occupies a period of about eight to nine weeks. 	It 
appears that a similar time Is required in L peregra. 
The period of development of mature spermatogonla 
appears to be considerably shorter as first generation 
ripe spermatogonia are evident in the lumen of the 
ovotestes of young snails while the first generation 
oocytes are still in their growth phase surrounded by 
follicular cells. 	At the time of ovulation no meiotic 
divisions of the oocyte nucleus have taken place and as 
the oocyte passes into the spermoviciuct the nuclear 
wall disappears nd sixteen tetrods become visible. 
(Plates 2 and 3) 
Insemination of the oocyte takes place In the 
spermoviduct. 	In the case of isolated snails the 
Insemination Is by their own sperm; In cultures where 
cross-fertilization Is possible insemination is always 
by the foreign sperm. 	2h1s was shown by the crosses 
made by Boycott, Diver, Garstang and Turner (1q30) 
using albino and pigmented snails. 	An albino snail 
fertilized by a pigmented snail produced, at first, 
only pigmented young but afterward, without further 
copulation, mixed broods of albino and pigmented young; 
finally/ 
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finally only albino young were produced. Although 
several sperm may penetrate the egg only one sperm 
head persists and lies in the cortical cytoplasm of 
the egg until after maturation. 	After insemination 
and during their passage through the oviduct the eggs 
become invested with their various capsules and common 
jelly mass. 
At the time of laying the eggs measure about 
I 91 x 	they are therefore nearly spherical In 
shape. 	The cytoplasm when stained with Azun shows a 
graduation from blue - staining materials at the 
vegetative pole to red - staining materials at the 
animal pole. 
The first maturation spindle lies In a clear 
elliptical region of cytoplasm at the red - staining 
side of the egg. 	Before extrusion of the first polar 
body, which takes place about two hours after 
oviposition, the clear area moves to the periphery of 
the egg In the red region - that is to the animal pole 
- forming a clear well of protoplasm extending through 
the red - staining cytoplasm toward the vegetative 
pole. (Plate Li. Figures 1 and 2). 	Raven (1Li.8) has 
termed the blue - staining cytoplasm at the veetatIve 
pole the veget:tive plasm and the red - staining 
cytoplasm at the Rnimil pole the animal plasm. 
(Plate 6 Figures la and Ib). 	The more peripheral 
aster of the first maturation spindle becomes flattened 
at the surface of the egg and the chromosomes move to 
the poles of the spindle. 	The first polar body is at 
first/ 
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 first pedunculate but becomes separate and is pressed 
through the vitteline merrfbrane so that it comes to lie 
outside the membrane. The vegetative plasm meantime 
extends peripherally round the egp so that it leaves 
only a small clear area at the animal pole by the time 
the second polar body Is extruded about one hour after 
the first. (Plate Li Figure 3). 
The second polar body does not pass through the 
vitelline membrane but remains close to, though 
separate from, the surface of the egg. Durina these 
phases of development the size of the egg varies from 
921€ x 102u. at time of first polar body formation to 
921kx 	,xtat the time of second polar formation. 
The Increase In size is equatorial, rather than polar, 
since the first of each of these measurements was made 
In the polar axis of the egg. 	After completion of 
the maturation divisions the sperm pronucleus moves 
from Its cortical position In the erp and comes to lie 
beside the egg pronucleus at the animal pole. 
First cleavage starts about five hours after 
oviposition, that Is about two hours after the 
evtruslon of the second polar body. 	The cleavage 
furrow starts at the animal pole of the egg. 	After 
(f 
the fuXow Is complete a very large cleavage cavity is 
formed between the two blastoineres causing them to 
appear crescent shaped. (Plate It Figure Li). 
The/ 
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The second cleavage starts about one and a half 
hours after the first cleavage and is at right angles 
to it. 	The cleavage furrow again originates at the 
animal pole and a large cleavage cavity is again 
evident. 	Of the Dour blastomeree so formed two, A 
and C, meet in a cross-furrow at the animal pole and 
the other two, B and D, in the "ventral cross-furrow" 
(Wilson 1900) at the vegetative pole. 	In dextral 
lines the ventral cross-furrow, 'her: viewed from the 
animal pole, appears to be bent to the right, that is 
makes a negative angle of about 4.50 with the first 
cleavage plane; in ainistral lines it appears bent to 
the left and makes a positive angle of about 450 with 
the first cleavage plane. (Plate 3 'igures 2a and 2b) 
The third cleavage takes place about one hour 
after the second. 	It in In the latitudinal planes but 
lies nearer the animal pole. 	A quantitatively as 
well as qualitatively unequal distribution of 
cytoplsmIc componante among the blastomeres is thus 
brought about. 	A large central cleavage c:vity again 
forms. 
The fouh cleavage follows shortly after and is 
a cleavage of the maeomeres In a latitudinal plane. 
Subsequent cleavages follow at frequent Intervals 
so that twenty-four hours after oviposition the egg 
has developed as far as a blastula. 	For convenience, 
from this stage of development until hatching - a 
period of about twenty days - I have classified the 
developing/ 
developing embryo bryo into six larval stages. (}lte 5) 
Each stage was easily distinguishable morphologically 
as well as histologically from the others: 
Stage I - late blastula to early gastrula in which the 
polar bodies were still clearly visible. 1-2 days. 
Stage II - showed start of ciliary movement within the 
capsule (which continued until Stage VI); a large 
clear head i4N44t was well developed. I day. 
Stage III - showed start of development of the gut and 
presence of large translucent, grape-like albuminous 
cells. 5 days. 
Stage IV - showed antero-posterior elongations and 
onset of head differentiation. 2 days. 
Stage V - showed complete bead d1ferent1ati.on with 
eyes, tentacles, etc.; start of shell formation. 
1-2 days (presumably Ravens' "hippo" stage'. 
Stage VI - showed well developed head, foot and shell; 
start of heart beat. 7 days. 
B. POLARITY AND SYMMETRY OF NORMAL FJOOS 
(I) Before Laying. 
Eggs observed in the ovotestes and reproductive 
ducts show, after the very earliest developmental 
stages, some evidence of polarity. 	No evidence of 
polarity was found prior to the oocyte attaining a size 
of about 	in diameter. (Plate 3 Figure Ia). 
However, at this stage, although the cytoplasm Is 
basophilic and undifferentiated, the nucleus often lies 
slightly! 
slightly nearer the free bordez--o&he cell and 
contains two large acidophil (nucleoli. 	The nucleoli 
1 
are usually situated at the sid -of the nucleus nearer 
the attached border of the oocyte. 	By the time the 
oocyte has grown to about one half its final size, 
that is, is about 60in diameter, the cytoplasm which 
is still basophilic shows a gradation of material from 
the free edge of the oocyte toward the opposite border 
where It Is most dense. 	The nucleus Is usually 
central in the oocyte but may-lie slightly nearer the 
free edge. 	The single ucleol)b may be either 
acidophil or basophil. (Plate 3 Figure Ib). 	In the 
fully grown oocyte of about fOOy.. In diameter the 
cytoplasm is acidophil and shows strong evidence of 
polarity In the gradation In density from the free to 
attached edge, as before. 	The nucleus Is usually 
central In the oocyte and contains a single, central 
basophil nucleolus. 	The oocyte, after liberation from 
the ovotestes and during Its passage through the 
reproductive ducts shows no definite cytoplasmic 
polarity. 	The nuclear wall disappears and the 
chromosomes stain as sixteen tetrads occupying a 
central position in the egg. 
(2) After Laying. 
Both before and during maturation the ovum shows 
many evidences of a predetermined animal - vegetative 
polarity. 	This is evident In the newly-laid egg In 
the great aggregation of acidophil material, vegetative 
plasm, at one pole of the egg, and in the subsequent 
movement/ 
movement of this material, cortically, to the animal 
pole. 	The maturation spindle also ascends to this 
pole from Its central position in the egg at time of 
laying. 	Thus the polar bodies are always extruded at 
the opposite pole from the original aggregation of 
acidophilic material, that is at the animal pole. But 
the animal pole Is also typified by an aggregation of 
basophilic cytoplasm under which the pronuclei fuse 
and the first maturation spindle forms. 	It is at 
this pole also that the first cleavage furrow 18 first 
evident. 
(3) Between first and third cleavages. 
The orientation of the first cleavage spindle and 
furrow In relatlun to the animal and vegetative plasma 
Is repeated by the spindle and furrow of second 
cleavage. 	Prior to third cleavage, however, there Is 
an accumulation of acidophil material from the cortical 
regions of the cell to the animal pole. 	Thus at the 
third cleavage the spindles form In the dense, animal 
plasm region of each blostomere. 	Micromeres and 
macromeres are thus formed containing a differential 
distribution of animal and vegetative plasma. 
(Li) Later stages of development. 
Further evidence of animal vegetative polarity are 
found In later developmental stages such as the 
formation of the blastopore at the vegetative pole and 
the first evidence of albumen Ingestion, also In the 
vegetative region. 	However, evidences of a 
dorso-ventral polarity are also found. The orientation 
of/ 
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of the first and second cleavage spindles, which 
deterine the directions of these cleavages, 
(laeotropic or dexiotropic), and therefore of 
subsequent cleavages, bears a direct relation to the 
direction of coiling of the young snail. 
C. ALTERATION OF DIi?FCTION OF SPINDLE 
AND CLEAVAGES. 
(1) Centrifugation. 
(a) Eggs centrifuged before first cleavage. When eggs 
are centrifuged before formation of the first polar 
body at 2,000 r.p.m. for ten minutes, distinct 
stratification of the cytoplasm Is obtained accompanied 
by considerable elongation in the direction of the 
centrifugal force. 	Three zones are visible which have 
been described as "grey" "clear" and "yellow" by 
earlier workers (Conklin 1910; Gatenby 1019). 
(Plate 6 Figure 2a). 	The yellow, centrifugal end of 
the egg is broader In circumference than the grey 
centripetal end. 	The clear region which occupies the 
greatest depth occupies about one-half the total length 
of the egg while the grey region shows the least depth. 
The polar bodies when they are extruded are always 
found to lie In the region of the clear area of the 
stratified egg. (late 7 Figure Ia). 
Eggs centrifuged after formation of the first 
polar body, but before formation of the second, show 
stratification Into the same three regions but the egg 
now assumes a dumb-bell shape. 	The relative sizes of 
the three regions have changed. 	The grey region has 
Increased/ 
increased to about five times its original size, while 
the clear and yellow regions now appear to be of about 
equal size. (Plate 6 Figure Ib) 
The situation Is little changed in eggs 
centrifuged before first cleavage. 	The elongation Is 
less pronounced and the boundaries between the three 
regions are less distinct, but the relative sizes of 
the regions are unchanged. (Plate 6 Figure 2). 	If 
the duration of centrifugation Is Increased from ten 
to thirty minutes the elongation of the egg is greater. 
It was found that if eggs, before first cleavage, were 
centrifuged at 2,000 r.p. . for one hundred minutes, 
they underwent extreme elongation which was, in some 
cases, accompanied by a splitting of the egg Into two 
parts across the clear region. 	The histology and 
further development of these egg fragments Is 
described under 3ection D. (on the development of egg 
fragments produced by centrifugation). 
Examination of sections of eggs fixed at various 
times after removal from the centrifuge shows that the 
three regions distinguished in the living egg are, In 
fact, four regions. 	The fourth region 
undistinguishable in the complete egg Is a narrow 
region inserted between the yellow and clear regions. 
Histologically the grey region Is composed of the 
lightest oily materials which do not take up the Azan 
stain at all except, perhaps, at the periphery of the 
egg where a pale pink-red stain Is retained. 	The 
apparent growth In size of the grey region during 
maturation/ 
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maturation of the egg has been shown (Clements 138; 
Raven 1948) to be due to the addition of water 
saturated granules from the yellow region. 
The clear region is a layer of hyaline protoplasm 
in which the nuclear elements lie. 	It does not 
appear to contain any granules or vacuoles. The 
spindles of the maturation divisions always lie in 
this region, in the majority of cases, in a plane at 
right angles to the direction of the centrifugal force. 
Some deviatons from this orientation are found In the 
second maturation spindles which may be deflected 
slightly toward the grey region but never toward the 
yellow region. 	The centre of the spindle of the 
first cleavage always lies in the clear region of the 
egg but the direction of the spindle bears no relation 
to either the direction of the centrifugal force or to 
the polar bodies which themselves bear no relation to 
the direction of centrifugal force and may lie at any 
point on the periphery of the egg. 	However, in the 
majority, 83 of cases, the spindle lies at such a 
plane that the first cleavage furrow will pass through 
the egg In the region of the polar bodies. 
The third visible region, the centrifugal, yellow 
region, In the newly laid egg, Is composed of fand 
,t granules (Raven 19t5). 	In sections stained with 
Azafl the f3 granules are dark blue whereas the very 
large 	granules which lie scattered between the 
p granules stain orange-red. 	In eggs centrifuged 
between maturation divisions the J/ granules are often 
seen/ 
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seen to be surrounded by a clear space which probably 
indicates the beginning of the formation of the 
vacuoles. 	As the volume of these vacuoles Increases 
their specific gravity decreases so that they, with 
their associated y granules, tend more and more to be 
accumulated at the grey, centripetal pole of the egg. 
This would account for the great Increase In volume of 
the grey region which occurs during maturation. 
The fourth region which Is evident in sections of 
centrifuged eggs is a narrow granular layer lying 
between the clear and yellow regions. 	These small 
granules stain orange-red with Azan and hietochemical 
studies (Clement 1938; Raven and Bretechneider 1948) 
indicate that they are probably mitachondria. 
Development of eggs centrifuged at 2,000 r.p.m, 
for periods up to thirty irtiniAes proceeds normally In 
about 70 of the eggs. 	In many there Is an Initial 
delay of about three hours between the completion of 
maturation and the onset of the first cleavage. 
Examination of the sections of eggs during this period 
shows that there Is considerable redistribution of the 
cytoplasmic materials to their normal positions In the 
egg. (Plate 7 Figures la and Ib). 	This 
redistribution Is never complete by the time the first 
cleavage furrow makes Its appearance. 	The direction 
of the first cleavage furrow may be such that the egg 
is divided into two like halves, that Is it runs at 
right angles to the plane of stratification. 	But It 
may also cut the Plane of stratification at any angle 
so/ 
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so that blastomeres of very different constitution 
result. 	Further development of unequally divided 
eggs has 8hQwfl that there is no significant difference 
in the number of normal young snails hatching from 
such eggs and the number hatching from equally divided 
centrifuged egre. 	In all cases observed it was found 
that the first cleavage furrow passed through the egg 
in the region of the polar bodies. 
In eggs centrifuged at 2,000 r.p.m. for one 
hundred minutes in which extreme elongation, but no 
splitting, was produced subsequent development was 
almost 100% abnormal. 	Many of these eggs developed 
for about two days, that is to the second larval stage; 
they then, without exception, produced bloated, 
vesicular embryos by the third day. (Plate 8). These 
vesicular embryos seldom showed any evidence of the 
large, translucent, albumen cells which are typical of 
the gut of normal embryos at this age. The majority 
appeared completely structureless internally; 
externally they were bounded by cells identified as 
being both ectodermal and endodermal in type. These 
larvae usually developed cilia and lived and rotated 
within their capsules for periods up to six weeks 
showing, In the majority of cases, no further 
development or differentiation. 	A few after rotating 
for about a week developed black pigmentation. 
Comparison of these pigmented embryos with the control 
embryos showed that In both the black pigmentation 
became evident on the same day after oviposition. 
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The bloated embryos appear similar to the exogastrulae 
first produced by Herbst (1892) in chinoderm eggs 
after treatment with Lithium chloride. 	For 
convenience I have deseignated such vesicular embryos, 
In this case, also as "exogaetrulae." 
(b) Eggs centrifuged at the two-cell stage. Eggs that 
have been centrifuged at 2,000 r.p.m. for thirty 
minutes at the two-cell stage show stratification in 
each blastomere Into the same regions as In eggs 
centrifuged before first cleavage. (Plate 7 Figure 3). 
The amount of elongation was slightly increased as the 
duration of centrifugation was increased from thirty 
to one hundred minutes. Even after one hundred and 
twenty minutes' centrifugation no splitting of the egg 
into centrifugal and centipetal fragments was obtained. 
In all cases observed the eggs orientated with their 
polar axis in the direction of the centrifugal force. 
The histological detail of the stratification was 
found to be similar to that described for eggs 
centrifuged Just before their first cleavage. 	The 
nucleus or spindle, again, always lay In the region of 
the hyaline protoplasm. 	Stratification was still 
evident at the onset of second cleavage. 	The dense 
accumulation of yolk at the centrifugal pole of the 
egg appeared to cause delay in the progress of the 
cleavage furrow at that pole. 	In all cases second 
cleavage was complete before third cleavage commenced 
although stratification persisted to a greater or 
lesser/ 
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lesser degree until the embryo became a inoru].a or 
blastula. 
The injurious effects of centrifuging were found 
to be very much greater in eggs centrifuged at the 
two-cell stage. 	Only 21r, of eggs centrifuged at this 
stage hatched as normal young snails. Most eggs 
cleaved normally to the 32-48 cell stage but 
development rarely proceeded beyond this stage. About 
60' of all eggs centrifuged ceased to develop beyond 
the morula stage. 	In a few cases In which development 
continued vesicular exogaetrulae were produced. 
Histological examination of the norulae showed extreme 
abnormalities of yolk distribution. 	Hiatochemical 
tests for the distribution of specific cell 
constituents were not undertaken. 
(c) Eggs centrifuged at the four-cell stage. Eggs 
centrifuged at 2,000 r.p.m. for from ten to one 
hundred and eighty irdnutes at the four-cell stage 
showed only slight elongation In the direction of the 
centrifugal force. 	In each blastornere there was 
distinct stratification Into the same three visible 
regions. 	It was evident that In each egg mass In the 
majority of eggs (88%) stratification was along the 
polar axis of the egg; in the remaining 12e' it was 
oblique to this axis. 	For convenience, the eggs 
after centrifugation were divided Into three groups on 
the basis of the orientation of their stratification: 
Group I comprising 614% of all the eggs centrifuged 
showed/ 
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showed stratification along the polar axis of the egg 
with the yolky, centrifugal region at the original 
animal pole of the egg. Group 2 comprising 24 of 
all eggs centrifuged at this age which showed 
stratification along the polar axis with the lightest, 
centripetal region at the original animal pole of the 
egg. 	Group 3 comprising the remaining 12% of the 
eggs, all of which showed stratification oblique to the 
polar axis of the egn. 	Stratification remained 
evident during and after the third cleavage which was 
delayed a quarter to one hour. 	The histological 
detail of the stratification was similar to that 
described in eggs centrifuged just before first 
cleavage. 	All attempts to split the egg by prolonged 
centrifuging at 2,000 r.p.m. were unsuccessful. 
As developzint continued successive cleavages 
appeared to bear normal relations with each other, but 
on account of the accumulation of yolky material the 
relative distances of the third and fourth cleavage 
furrows from the animal pole were often abnormal. 
Only 37% of all eggs centrifuged at the four-cell 
stage developed to hatching and of these about 12 
were abnormal. Almost one-half of all eggs 
centrifuged at this stage developed into exogastrulae. 
Table I shows the percentage of embryos hatching and 
the percentage producing exogastrulae in the three 
groups of stratified eggs. 	The percentage of eggs 
showing abnormal development In centrifuged eg'a is 
high since of 234 eggs centrifuged 199 eggs developed 
but/ 
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but only 64 hatched as normal young snails. 	The 
majority of those that showed abnormal development in 
early Stages of embryonic development became 
exogastrulae. 
Abnormalities which occurred later In development 
and which were often evident from the fifth larval 
Stage included eversion of the proboscis with the 
radula, duplication of eyes, tentacles, foot and shell 
and the possession of vesicular protruberancee at 
various ptrte of the body. (Plate 9).  In some young 
snails gross abnormalities were evident Involving 
alterations of symmetry of the organs and shell. Some 
of these abnormal young snails will be described. 
(8f)a. - Showed an embryo which had superficially 
undergone almost complete duplication during 
development. This resulted In a young snail which 
had a second, smaller snail attached to It laterally. 
(Plate 10 Figure 1). 	The larger snail appeared 
relatively normal although the foot was distinctly 
bibbed and the shell much reduced ventrally and 
laterally on the right side. 	The gut showed 
Ct 
silistral coiling as was expected In a snail of this 
genetic constitution. 	The secondary "snail" appeared 
externally to be a siamese twin to the original snail 
but was only about one-quarter as large. 	It was 
attached to the right side of the original snail by 
the ventral surface of Its foot. 	The "head" was two 
lobed, each lobe bore a fairly compact group of 
pigmented cells which was presumably a rudimentary eye. 
The/ 
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The shell was in the form of an acute cone with marked 
curvature of its apex to the left suggestive of 
alnistra]. coiling. 	However, no further evidence of 
coiling in this snail could be found, indeed no 
Internal structure whatever was found. The gut of the 
original snail was found to have no connection with 
this secondary "snail" which was therefore considered 
to be only a secondary outgrowth which externally 
resembled a dwarf snail. 
(8f)d. - There was duplication of eyes, tentacles and 
shell. 	The gut was most Irregular in Its 
relationships and showed no evidence of coiling, 	A 
large vesicular protruberance was present behind the 
four conical shell rudiments. (Plate 10 Figure 2'. 
(f)h. - The posterior part of the body showed a 
tendency toward duplication. 	The posterior part of 
the body was three-lobed, each lobe containing the 
large refractlle albumen cells which go to the 
formation of the liver; two of the lobes bore shell 
rudiments. 	There was also a duplication of the eye 
at the base of the right tentacle and a vesicular 
protruberance was present just In front of the left 
body lobe. The gut appeared to be uncoiled and the 
heart was median, thus no indication of coiling was 
given In this embryo. (Plate 10 Figure 3). From the 
genetic history of this egg elnistral coiling was 
expected. 
(C26)b. - :as Interesting because It was an abnormal 
young snail In which two shells of almost equal size 
had/ 
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had developed. (Plate 10 Figures 5a and 5b). 	The 
right shell, which was the slightly larger of the two, 
showed distinct coiling in a sinistral direction while 
the shell on the left showed a slight dextral curvature, 
Genetically a sinistral snail was expected. The 
albumen cells which were all that was evident of the 
gut extended into the right shell-lobe only. 10 
structure was found within the left shell-lobe. 	An 
extra eye on the top of a tentacle-like protruberance 
was found on the dorsal surface of the snail at the 
base of the right shell-lobe. 
(D14 )b. - Showed complete absence of shell but 
duplication of both foot and eyes was extreme. 
(Plate 10 Figure 	Three completely developed eyes 
and one rudimentary eye were evident, none of which 
was associated with the three tentacle-like outgrowths 
found on the left side of the embryo. The gut appeared 
abnormal and showed no evidence of coiling. 
It was evident that reduction and duplication of 
shell and other structures is a common feature in 
young snails developing from eggs centrifuged at the 
four-cell stage. 	In all cases abnormalities of the 
shell were most common although eye abnormalities were 
also frequently observed. 	In tour snails a reversed 
or straight gut was observed probably indicating a 
complete or partial reversal of symmetry in these 
snails. 	In all cases gut abnormalities were 
accompanied by shell abnormalities. The abnormalities 
found in young snails which had developed from eggs 
centrifuged at the four-cell stage are summarised in 
Table 2. 
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(d) Discussion. The question of whether uncleaved 
rAmrlaea eggs orlenate at random on the centrifuge or 
whether there is rome predetermined orientation may, in 
part, be answered by the foregoing results. 	In the 
earliest stages, before extrusion of the first polar 
body, in which the first maturation spindle always lay 
in the clear middle region at right angles to the 
direction of centrifugal force, it Is evident that 
there 18 some orientation of the egg on the centrifuge. 
Thus the first maturation spindle did not show normal 
orientation as it lay In the direction of 
stratification - that is at right angles to the longest 
axis of the egg. 	It the eggs had orienated at random 
on the centrifuge then the animal pole, Indicated by 
the position of the first maturation spindle and later 
by the polar bodies, would have borne no constant 
relation to the stratification whereas the spindle 
always lay in the clear region at right angles to the 
direction of centrifugal force. On the other hand, if 
the eggs had orientated with the animal pole turned 
centripetally the oil cap would have formed at that 
pole and the first maturation spindle would have been 
directed toward that pole so that the first polar body 
would have been extruded through the oil cap. This 
condition was never observed. 	One Is therefore led 	to 
the conclusion that the eggs must have orientated on 
the centrifuge with the polar axis at a slight angle to 
direction of centrifugal force. 	The animal pole In 
Limnaea peregra eggs before maturation, therefore. Is 
not/ 
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not the lightest part of the egg. 
However, when eggs are centrifuged after 
maturation the position is changed. 	Stratification. 
position of the polar bodies at the periphery of the 
egg and the orientation of the first cleavage spindle 
bear no constant relation to each other. Since the 
position of the polar bodies in such eggs bears no 
relation to the stratification the polar bodies must 
also bear no relation to the centrifugal force 	From 
this one may conclude that the polar bodies have not 
taken up their position at the periphery of the egg in 
response to centrifugal force. 	If they had responded 
to centrifugal force, then, being of the same 
constitution as the egg nucleus, they would have taken 
up a position beside the egg nucleus in the clear 
region. 	Therefore the polar bodies may have taken up 
a position at the original animal pole of the egg 
which showed no orientation on the centrifuge. But 
although the first cleavage spindle has been observed 
lying in any direction relative to the original polar 
axis, all developing eggs, in which cleavage was 
observed, showed that the first cleavage furrow always 
passed through the polar axis of the egg. Two 
explanations of this anomaly are possible. The first 
Is that since the orientation of the spindle In the 
plane of the polar axis was observed in only about 12 
of eggs centrifuged after maturation It is possible 
that they represent the small percentage of centrifuged 
eggs which do not develop (Controls 86 develop; 
centrifuged eggs 70% develop). The second possibility 
is/ 
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is that during the three--hour time lag between 
cessation of centrifugation and onset of first 
cleavage furrow formation there is a re-orientation of 
the first cleavage spindle in anomolous eg .c?a so that 
it comes to lie in its normal position at right angles 
to the polar axis of the egg. 	With regard to this 
latter possibility I quote Conklin (1916 page 89) 
"..... it Is much more difficult to move the mtotIc 
figure than it Is to shift the resting nucleus and 
centrosphere. 	Indee, It is practically impossible to 
move this figure when once the astral radiations are 
well developed without destroying the power of further 
development. 	However, Hnrvey (1935) centrifuged 
Parechinus eggs at time of first cleavage and found 
that the spindle could be displaced relative to the 
first cleavage furrow whose position was correlated 
with the position of the nucleus before centrifugation. 
Raven and Bretachnelder (19h2) concluded from 
centrifuge experiments wIti the eggs of Limnaea 
stagnalis that the harmful effects of centrifugation 
were slight and varied little with the stage of 
development at the time of centrifugation. 	This Is 
In direct con.rat1dcton to the present results found 
in Llmnaea peregra and also those obtained by Clement 
(f 938) for Physa heterostropha and Conklin (1910 for 
Llmnaea stagnalls. 	Clement has found that only 36 
of Physa eggs centrifuged before first cleavage 
develop into normal young snails; Conklin found in 
Llmnaea stagnalla that about 73 hatched normally; in 
Linmaea/ 
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Limnaea peregra 70 of eggs were found to hatch 
normally and Raven and Bretschneider for Limnaea 
stagnalis give a figure of 77 of young snails which 
hatch normally. 	After centrifuging atthe two-cell 
stare Clement found that about 2" of his egs hatched 
normally, a decrease In viability of about 36 of those 
which hatched after centrifuging at the one-cellstage; 
Conklin found that only about 10 of his Limnaea 
etagnalls eggs hatched, a corresond 4 ng decrease of 
viability of about 145; In Llrnnnea peregra only 41 
of the eggs centrifuged at the two-cell stage hatched 
as normal young snails, a decrease in viability of 
appro"lmately 43; Caporoal (unpublished) also found 
I a great decrease In viability; Raven and Bretsehnelder 
reported little change In the percentage of young 
Llmnuea stagnulis hIch hatch after centrifugation at 
the two-cell stage. 	In Limnaea peregEa eggs 
centrifuged at the four-cell stai - e It was found that 
the injurious effect of the centrifuging was still 
greater as only3L of the eggs showed normal 
development; Clement quotes a figure of 37 for eggs 
of Limnaea stagnalla given similar centrifugal 
treatment. 	These figures are sumnarised In Table 6. 
Of the high percentage of Liimmea peregra embryos 
1which develop abnorially after centrifugation at the 
k;wo- and four-cell stages a high proportion first show 
abnormalities at the first and second larvd stages. 
', ,here these abnormal larvre showed a bloated vesicular 
structure with modification of the ectoderm-endoderm 
relations/ 
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relations I have used Iferbst's term and deseignated 
them "exogaetrulae." 	It appears from Cler:ents' paper 
that many of the abnormal)arvae which developed in his 
experiments were also o -.71 this form. 	Since these 
molluscan exogaatrulae may be produced by a variety of 
agents, e.g. centrifugal force, magnesium chloride, 
lithium chloride and even oygen lack as In foul pond 
water, they appear to be similar to echinoderm 
exogastrulae In their lack of specificity (Child 1936). 
In both echinoderms and molluscs it Is found that a 
large number of agents which Inhibit development 
produce a greater or lesser degree of exogastrulatlon 
with a certain range of concentration of treatment or 
period of exposure at which the embryo Is most 
susceptible. 	Child believes that echinoderm 
exogstrulatIon is the result of a high degree of 
differential inhibition which varies in Intensity with 
different agents but which remains constant with 
regard to regions more or less inhibited by any agent 
at a particular developmental stage. Thus the 
differences between prospective ectoderm, endoderm and 
mesoderm are prlmar].y non-specific and are 
quantitative differences of gradient  level. 
Since the agents which produce exogaatrulatIon 
0 
are so varied It seems unlikely that osntic pressure 
Is an essential factor In the lack of gastrulation in 
these abnormal embryos. 	Certainly, in the present 
experiments on Llmnaea peregra a relative change In 
size of parts of the cells to be invaginated has been 
observed/ 
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observed. Exogastrulation might in the case of some 
agents be due to the differential absorption of water 
rt the outer border of these cells thus inhibiting 
I gastrulation. 	However, where exogastrulation is 
produced by centrifuging or high temperatures It seems 
impossible to account for Inhibition of gastrulation in 
terms of differential water absorption. 	In 
experiments on echinoderm exogaetrulae (Herbst 1894) 
it was found that by returning the exogastrulae to 
water after treatment with lithium chloride and other 
salts larvae showing varying degrees of recovery to 
norility were obtained. 	This return to normality of 
exogastrulae must be specific for certain agents as no 
return is posSIble Eifter exogastrulation has been 
produced by centrifugation. 	In this connection, 
abnormal bloated embryos, but not exogastrulae, of 
Llmnaea peregra produced by calcium chloride treatment, 
also show a return to normal development on return to 
pond water. 
Examination of the molluscan exogastrnlae 
provided no evidence of persistence of larval symmetry 
or of prospective adult symmetry. 	No correlation was 
found between the prospective direction of coiling of 
a ciliated larva and of its direction of ciliary 
rotation within the egg capsule. 	A similar lack of 
correlation was found in the direction of rotation of 
cilIted exogastrulae. 	No adult structures or organs 
with which symmetry could be correlated were ever 
found in the exogastrulae. 
The/ 
-35- 
The other type of abnormalities produced by 
centrifuging at the two-or four-cell stages showed 
only at a late stage of development. The abnormalities 
of these young snails fall into three classes: 
(1) duplication of orcans or structures: (2) reduction 
of organs or structures; and (3) abnormal relationships 
of organs or structures. 	The first class of 
abnormalities was the most common with duplications of 
the eyes and shell being most frequent. 	duplicated 
tentacle was always found to be associated with a 
duplicated eye, but conversely a. duplic'a.ted eye was 
not always in association with a duplicated tentacle. 
I Duplict1on of the foot and shell appeared to bear no 
relations to duplication of any other part and 
appeared to be locted, in most cases, at random on 
the young snail. 
The two exceptional cases (8f)a and (C26)b, 
described In detail In the results, deserve further 
discussion. 	In (f)a dupllcat:on appears to have 
taken place in such an organized manner that a second 
"snail" has developed lateral to the original snail. 
Although this second"snail" is only superficially a 
snail since there are no internal organs associated 
wit!' the correctly orientated external structures, It 
is Interesting to speculate on the process whe'eby 
such a duplication of several structures with 
completely normal orientation could have arisen. Cell 
lineage studies by Holmes (1900) have shown that the 
cerebral ganglia, eyes and tentacles are all derived 
from/ 
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from descendents of the first quartette of raicromeres; 
the shell gland is derived from the second quartete 
and the foot also from the second quartette !ind some 
of the third quartette. 	Since it is at the third 
cleivage that the cytoplasm of the pulmonate egg 
appears to be first differentially divided it may be 
that If centrifugation takes place a sufficiently short 
period before this cleavag an abnormal segregation of 
cytoplasmic granules at the time of third cleavage may 
result. 	In normal eggs prior to third cleavage a 
concentration of dense protoplasm has been observed in 
the animal parts of the four blastornerea. 	The third 
cleavage normally results In the distribution of this 
dense protoplasm - ectoplasm - to the micromeres and 
the rore vacuolar protoplasm - endoplasm - to the 
macromeres. 	it Is conceivable that by centrifuging 
eggs prior to third cleavage much of the normal 
ectoplasm and endoplasm may be displaced by the 
abnormal accumulations of visible cytoplasmic granules 
produced by the centrifugal force. 	It may be that 
the resultant abnormal distribution of the normal 
cytoplasmic constituents of the first quartette of 
microrneres can account for the duplications of 
structures derived from descendents of the first 
quartette of micromerea. 	An extension of this 
hypothesis of the Irregular distribution of cytoplasmic 
cornponants to Include also the cells of the second and 
third quartettes would similarly evpluln duplications 
of the shell gland and foot. 
This/ 
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This hypothesis in which a primarily mechanical 
interference is the cuuse of duplications and 
reductions could also account for the correlation 
between duplication of tentacle and eye and of the 
duplication of parts in normal orientation to each 
other. 	Mechanical isolation of parts of the cytoplasm 
of the presumptive first, second and third quartettes 
of which the presumptive areas remained in normal 
relation to each other might give rise to duplicated 
structures from the isolated presumptive areas which 
also bear normal relations to each other. 	Such an 
isolated agcregation of presumptive ectoplasmic 
material might have given rise to a superficially 
(that is ectodervtally) complete embryo like the second 
snail' In (8f)a. 	But since the Isolated material 
from which the second "snail" developed contaIned no 
presumptive endo - or meso - dermal material, i.e. 
fourth quartette material, the 'snail' showed no 
Internal structure to make It comparable with a normal 
snail. 
The case of (C26)b in which a young snail shows 
duplication of a tentacle bearin" an eye and also of 
the shell is also Interesting. 	The larger shell which 
contains the visceral mass shows the genetically 
expected dextral coiling; the other secondary shell 
which Is almost as large as the first contains no 
viscera and shows distinct sInIstrl coiling. 	As no 
other snails developed such All developed secondary 
shells it could not be determined whether the einletra]J 
coiling/ 
coiling of the secondary shell was purely coincidental. 
The reduction of parts of an embryo and abnormal 
relationships of organs can probably also be explained 
as being due to mechanical interference of the 
cytoplasmic constituents prior to third cleavage. 
However, from the cases In which there are abnormal 
relationships of the gut with other organs In otherwise 
relatively normal snails, one may get Information on 
the problem of the symmetry of the snail. 	In normal 
dextral snails the viscera and shell show a twisting 
toward the right and the anus opens on the right side 
of the mantle cavity. 	In two abnormal young snails 
complete reversal of the twist of the gut was observed; 
other two young snails showed complete absence of twist 
to the gut. 	In these four cases the yorng snails also 
showed no spiralling of the shell which resembled a 
broad-based, foreshortened cone. 	It would appear 
therefore that the torsion of the young snail in two 
eases was suppressed and In the other two cases was 
actually reversed. 	Duplication of the gut was never 
observed. 	Other gut abnormalities, such as Lversion 
of the proboscis, appear to be In no way related to 
the asymmetry of the gut. 
(2) Chemical. 
(a) Calcium chloride. 	Eggs were treated with various 
concentrations of calcium chloride either before 
maturation or as blastulae. 	Tn those treated before 
maturation with 0.005% calcium chloride solution 
development/ 
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development proceeded as far as 12-16 cells. 	These 
cells appeared much vacuolated and swollen but 
cleavage pattern was normal. 	The nuclei, vhlch lay 
at the line of demarkation between ectoplasm and 
endoplasm, appeared normal. 	No abnormalities of the 
polar bodies were observed. (Plate 13 Tigures la and 
lb). In a 0.04 solution of calcium chloride 
development proceeded as far as blastula or early 
stage III but the resultant embryos were always highly 
vacuolated. These vacuolated embryos did not appear 
comparable to the exogastrulae produced by 
centrifuging. etc. as regional cellular differentiation 
was normal and bore normal relationships to other 
regions of the embryo. 	In no case was abnormal 
cleavage observed. 	In 0.05 calcium chloride 
solution development proceeded only as far as a 
vcicuolated blastula but in concentrations of 0.08 - 
0.1 calcium chloride the eggs developed as far as 
stages I - III which appeared normal except for 
extreme vacuolatlon. 	Tn 0.2 - 0.5' calcium chloride 
solutions unvacuolated, normal stages I - III were 
produced but development never proceeded beyond 
stage III. 	In a 1 solution the embryos which never 
developed beyond blastulae showed vacuolation. 	If 
uncleaved eggs were given only a short treatment of 
1-2 hours duration In 0.5 - 	calcium chloride 
solution and then returned to filtered stream water 
they underwent normal development and hatched at the 
same time as the controls. 
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When embryos of 24-148 cells were treated with 
0.01 - 	calcium chloride solution for 24 hours 
development never proceeded beyond stage I. Similar 
rnorulae treated with a 0.04" solution were unaffected 
by the treatment and hatched at the same time as the 
controls. 	Tn more concentrated solutions no 
development occurred. 	The results of calcium 
chloride treatment are summarised in Table 3. 
(b) Magnesium chloride. Eggs of various ages, 
capsulated and decapsulated, were treated with 0.06% 
magrn-alum chloride solution. 	This concentration was 
used since Grasveld (1949) had obtained a hih 
percentage of cleavage abnormalities in the eggs of 
L. stagnalis treated with this concentration of 
magnesium chloride. 	When uncleaved capsulated eggs 
were placed In the solution and allowed to continue 
development no abnormalities of polar bodies or 
cleavage were observed. 	All eggs showed development 
and about 63 hatched as normal young snails. About 
12 failed to develop beyond stage V and in a few 
cases - 2', exogastrulae were produced. 
If uncleaved egcrs were decapsulated and left to 
develop in 0.06 magnesium chloride solution about 40% 
of the eggs underwent abnormal first and second 
cleavages. This resulted in the formation of embryos 
of 2, 3 9 14 9 5 and 6 cells. (Plate 11 Plgures 1, 2a, 
2b and 2c). In some cases the three-cell stages were 
the result of delayed cleavage in one blastomere and 
I similarly the five-cell stages. 	But In one embryo 
the/ 
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the three-cell stage would presumably be the outcome of 
a tripolar spindle observed In sections of the 
uncleaved egg. (Plate II "igure 2d). In this egg 
there was some evidence of a small cleavage cavity but 
all nuclear material lay In one blstomere and appeared 
to be involved in the tripolar spindle. 	A previous 
cytoplasmic, non-nuclear division may therefore have 
preceded the stage observed. 
In decapsulated eggs at the two-cell stage 
cultured In 0.06% magnesium chloride solution two 
different results were obtained; either immediate 
swelling of the eggs to about three times their normal 
volume, or development as far as stages I - III. 	The 
swelling of the blastomeres on Introduction to the 
magnesium chloride solution may have been due to Injury 
to the blastomeres during decapsulation. 	However, as 
swelling was always observed to occur In either all 
eggs of an egg mass or In none at all, it was presumed 
that the swelling was due to differential 
susceptibility of different egg masses to the same 
solution. 	In connection with this It Is Interesting 
to note that swelling was obtained In all egg masses 
obtained from a single stock (B3 (2) ) but not 
I regularly In eggs obtained from the general elnietral 
stock. 	In those eggs which developed as far as 
stages I - III about 50% produced exogastrulae. 
(c) Lithium chloride. When uncleaved capsulated eggs 
are cultured in 0.2 - 	lithium chloride solution 
they develop into moru].ae whcse cells lose normal 
relationships/ 
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relationships with each other and cease to be adhesive. 
Thus a loose morula of cells results. 	If the eggs 
are not placed in a 0.2Y lithium chloride solution 
until the four-cell stage eggs will develop as far as 
stage I, some of which show vasicular blebs at the 
surface. 	z3ome of these develop after a further 
twenty-four hours into exogaetrulae. 	In no case was 
normal development observed. 
(d) Thiourea. Capsulated eggs at the one to four-cell 
stages were treated with 0.5 - jZ solutions of 
thiourea. 	When eggs were placed in 	thiourea before 
first cleavage no development occurred and the eggs 
swelled to about three times their normal volume after 
about four hours in the solution. (Plate 12 Figure 1) 
!hen eggs were not placed in thiourea solution until 
the two-cell stage abnormal second and third cleavages 
resulted giving rise to groups of blastomeres with 
abnormal spatial and volumetric relations. 	The ecto- 
and endo-plasmic regions of these blastomeres were very 
clearly distinguishable from each other. 	If eggs at 
the early two-cell stage were placed in a 0.55, solution 
of thiourea development proceeded normally to stage I. 
Many of these embryos disintegrated and about 25c of 
them developed into exogastrulae. 	However, if the 
eggs were at the late two-cell stage when placed in 
0.5',' thiourea solution abnormal cleavage may occur In 
some e"gs in :hich development stops about the 
twelve-cell stage. (Plate 12 Figures 2a and 2b". 
This twelve-cell stage shows a very large central 
cleavage/ 
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cleavage cavity and distinct ecto- and endo-olasma. 
In other eggs treated at the late two-cell stage 
development is normal to start with but exogastru]ae 
are produced after two or three days. 	Abnoril 
cleavage is also found in eggs treated at the late 
two-cell stage with iZ thiourea solution; development 
ceases about the third or fourth cleavage. Eggs 
placed in 1 thiourea solution at the four-cell stage 
showed little development and never proceeded beyond 
the sixteen-cell stage although development up to that 
time was apparently normal. 	Eggs placed in 0.5 
thiourea at the early four-cell stage rarely develop 
beyond the sixteen or twenty-four--cell stages when the 
cells appear to lose their adhesiveness. 	Eggs placed 
In 0.5% thiourea solution at late four-cell stage 
• develop as far as stage I which Is always characterized 
by a large central cleavage cavity and a very clear 
demarkation of ecto- and endo-plasm In each blastomere. 
Some of these stage I embryos produce exogastrulae. 
The results of treatment with thiourea are summarized 
In Table 14. 
(e) Discussion. The experiments in which eggs were 
treated with various solutions were performed In the 
hope that In some cases polarity of the cytoplasm and 
• spindle might be altered and thus also subsequent 
development. 	The chemicals and concentrations used 
were those found to produce the highest percentage of 
abnormal spindle and cleavage relations in Llmnaea 
stagnalle by Haven and his co-workers. However with 
respect! 
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respect to their sensitivity to these various 
solutions the two species of Linmaea have little in 
common. 	Raven and Mighorat (19136) found in Llnmaea 
etagnalis that maturation is sometimes Inhibited with 
depolarization of the spindle after treatment of the 
eggs in solutions of calcium chloride exceeding 0.5 
concentration. 	In 0.13% solutions they found that 
eggs developed to the two-cell stage and in 0.2 
solutions the morula stage was reached. 	It appears 
therefore that Llmnaea stagnalie in comparison with 
Limnaea peregra Is very sensitive to hypertonic 
solutions of calcium chloride. 	The vacuolation 
produced in all embryos of Llmnaea peregra In all 
concentrations of calcium chloride of less than 0.5% 
concentration was apparently not produced in the other 
species. 	Raven et al have reported that 0.2 - 0.5% 
solutions of calcium chloride are Isotonic with the 
eggs of Limnaea stagnalia. 	Since it Is in a 0.5 
solution of calcium chloride that Limnaea peregra eggs 
show greatest development similar solutions may be 
Isotonic with the eggs of this species. 	Prom the 
experiments In which LImnaea peregra morulae were 
introduced into the calcium chloride solutions and 
allowed to continue development it appears that even 
In a hypotonic solution of 0.013% calcium chloride 
development may be perfectly normal with normal young 
snails hatching after nineteen days. 	In more 
hypotonIc solutions development was Inhibited almost 
Immediately. 	This Inhibition could not have been due 
to/ 
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to purely osmotic causes as no vacuolation or 
distortion of the inhibited erbryoe was evident. 
Failure of the morulae to develop in higher 
concentrations may hve been due to a deficiency of 
ovygen in the culture media as eggs appear to be 
extremely sensitive to oxygen lack in calcium chloride 
solution. 
In general the eggs of Linmea peregra responded 
similarly to those of Limnaea etm1liB in 0.06 
solutions of magnesium chloride. 	The production of 
abnormal cleavage forms In decapsulated eggs of both 
species treated before first cleavage is very similar. 
The eggs in which there were abnormal cell numbers 
showed that the third cleavage was Inequal as in normal 
eggs and produced both micromeres and macromeres but 
that the relations of the blastomeres to each other 
were so Irregular that no resemblance to normal spiral 
cleavage could be found except that the smaller 
blastomerea were often found lying in the region of 
the polar bodies. 	In general It would seem that the 
abnormal cell numbers were the result of a delay or 
inhibition of cleavage In one or more blastomeres at 
each cleavage subsequent to the two-cell stage. 1, 1fhen 
capsulated uncleaved egs were similarly treated they 
showed no abnormal cleavage although at later stages 
of development a small percentage exogastr'ulated. 
This suggests that the egg capsule acts selectively 
for various Ions. 	The low percentage of exogastrulae 
In Lirnnaea pçegra produced by this treatment Is very 
similar/ 
similar to the results obtained by Raven and Simons 
(1t8) after capsulated egcs of Limnaea stagnalis had 
been treated with 0.06" magnesium chloride. 
The results of the potassium chloride treatment 
experiments have no bearing upon this problem. They 
serve only to show that the eggs of Limnaea peregra 
are much more sensitive to potassium chloride than the 
eggs of Llmnaea stagnalis. 	In the former development 
ceased almost immediately whereas in the latter about 
L produced abnormal cleavages in early stages and a 
further 2% produced exogaetrulae (Raven and Simons 
1048; Grasveldi9149'. 
The results of treatment of Lirnnaea peregra eggs 
with Lithium chloride also produced no further 
information with regard to the proble of polarity. 
A marked difference was found In the resnonse of the 
tvo species to the same treatment with a high 
concentration of lithium chloride. 	(Raven and Rijuen 
194; Raven and DeWit 194). 	Eggs of Limnaea 
peregra developed to morulae in a 15 solution of 
lithium chloride whereas the eggs of Llmnaea stagnalis 
"hen simIlarly treated never developed beyond the 
extrusion of the first polar body; also when Llmnaea 
pçregra embryos were treated as morulae with a 2% 
solution of lithium chloride they showed no further 
development, but when the morulae of Llrrinaea etagnalls 
were similarly treated development proceeded in 96% 
although only 85 of these developing embryos were 
abnormal. 	11th regard to the histology of these 
embryos/ 
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embryos there 18 a close similarity In the two species. 
In both lithium chloride treatment caused the nuclei 
to become enlarged and to lie at the outer margin of 
each blastornere Instead of at the ectoplasmic-
endoplasmlc boundary. 	Raven and DeWit (1949) have 
eho'in that In Limnaea stagn3lIs the Increase in nuclear 
size Is of the order of x1.5; no measurements were 
made In Llmnaea peregra. The displacement of the 
nuclei has been shown to be due to actual shifting of 
the nuclei to the surface and not solely to an 
increase In nuclear radius. 	Raven and DeWIt, to 
explain this nuclear displacement suggest that the 
lithium chloride causes a disturbance of the extero-
Interior gradient field. 
As the results of the experiments show many eggs 
cleaved abnormally after treatment with thiourea. 
The results obtained for Limnaea perera are very 
similar to those obtained by fiobels (19149) who treated 
uneleaved eggs of Lirnnaea stagnulis with 0.5 - 2 
solution of thiourea. 	The egg capsule appeared to 
have no action In preventing the action of the 
thiourea In the uncleaved egg. 	Spindle abnormalities 
were observed In sections of these eggs. 	Features of 
the Llmnaea Peregra eggs treated with 0,5 - 1' thiourea 
at the two-cell stage were the frequent occurrence of 
abnormal cleavage patterns In which the boundary 
between the ecto- and endo-plasms in each blastomere 
was very distinct and of a greatly enlarged blastocoel. 
These abnormalities may possibly have been due to an 
upset/ 
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upset of the osmotic regulation of the blastomerea 
which caused dehydration of the blastomeree and 
consequent concentration of their cytoplasm into ecto-
and endo-plasms and the enlargement of the blastocoel 
by the passage of more fluid from the b].aatomeres into 
it. 	The abnormal cleavage figures may be the result 
of inhibition or delay of cleavage in one or more 
blastomeres and which is often accompanied by abnormal 
orientation of the cleavage spindles. 	No correlation 
with the normal could be found in the directions of 
the cleavages or the size of the blastomeres produced 
by treatment with 	thiourea. 	The nuclei in the 
Inhibited bletomeres produced by treatment with 1' 
thiourea were often found to be pyonotic and 
degenerative. 	It seems, therefore, that since 
thiourea treatment at the two-cell stage brings about 
abnormal cleavage which can In no way be correlated 
with normal cleavage and which Is accompanied, at 1 
concentraton thiourea, by nuclear degeneration, 
thiourea may act by influencing the cytoplasmic factors 
and cellular organization responsible for cellular 
division. 	In connection with this Panteela 
(1930-1931) has noted in Barnea that the first 
cleavage spindle may first form in an abnormal 
position even In the egg axis - but that after It has 
performed Its normal migration to the egg cortex It 
always becomes orientated at right angles to the egg 
axis. 	Conklin (1912) has also postulated as a result 
of his centrifugation experiments that the egg cortex 
is/ 
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is unaffected by centrifugation and that the bases of 
cytoplasmic differentiation are contained in the 
cortical part of the cytoplasm. 
Beviander (1946) who investigated the effect of 
thiourea on the eggs of Arbacia punctulata found 
complete Inhibition of cleavage in uncleaved eggs 
treated with f thiourea. 	Similar eggs treated with 
I 0.5% thiourea solution were uninhibited until the 
i gastrula stage. 	This Is very similar to the results 
obtained in eggs of Lirnnaea peregra at the two to 
four-cell stages treated with 1 and 0.5% solutions of 
thiourea; In 1 solution thiourea development was 
Inhibited almost Immediately while in 0.5 solution 
thiourea development was little inhibited until the 
first larval stage was reached. 	The difference 
between Arbacla and Limnaea eggs in their response to 
thiourea treatment appears, therefore, to differ 
fundamentally only the stage of development at which 
sensitivity to thiourea treatment Is greatest. 
I 
D. DEVELOPIENT OF EGG FRAGMENT$ 
(i' Produced by centrifugatlon. Pggs centrifuged at 
2,000 r.p.m. for one hundred minutes or more after 
formation of the second polar body showed extreme 
elongatin which was in most egs accompanied by 
splitting across the clear region. 	The centrifugal 
part was the smaller and pear-shaped; its centripetal 
end being the narrower. 	This narrow region appeared 
to be composed of clear cytoplasm; the rest of dense 
yolk which was found histologically to be accumulated 
at the periphery. 	The other, centripetal part of the 
egg was considerably elongated and showed three zones 
of stratification. 	Centrifugally there was a region 
of clear cytoplasm; centripetally a dense white 
region (probably emulif'ied oil cap) and between these 
zones, a translucent whitish region also oily in 
nature. 	ll attempts to fragment egs In this manner 
at the two and four-cell ptages were unsuccessful. 
Peveloprrent proceeded for a short time In almost 
all fragmented eggs. 	In most cases the isolated 
centrifugal part cleaved several times; in several 
cases the centripetal part was observed to cleave once. 
(Plate 15 Figures 1 and 2 and Plate 16 Figures 1 and 
2). Cleavage was never observed in both parts. 	The 
nucleus was found to lie In either part of the egg but 
cleavage occurred only in the part of the eg,cr which 
contained the nucleus. 	One exception to this was 
found in which the centrifugal part cleaved once and 
the/ 
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the centripetal part containing the nucleus remained 
uncleaved. (Plate 16 Figures 3a and 3b). 	In those 
eggs in which the centrifugal part cleaved it followed 
the normal course of spiral cleavage and a yo].ky morula 
resulted about one day after centrifugation. 	In a 
few cases, after a further two days development, some 
of the morulue had developed cilia nd were freely 
motile. 	All through this development of the yolky 
part the uncleaved white part of the egg had remained 
associated with the developing yolky part. No 
development was observed beyond this ciliated stage. 
Relative times of development of egg fragments 
and controls are summarised in Tables 5a and 5b. 
(2) iroduced by Dissection. Attempts were made to 
remove or destroy one blastomere of the decapeulated 
eggs at the two and four-cell stages using tungsten 
wire needles in Lininaea saline solution. 	All 
attemptc to remove one blatomere were unsuccessful. 
In two cases, at the two-cell stage one blastomere was 
successfully destroyed and the remaining blastomere 
allowed to develop. (Plate 13 Figures 2a and 2b). 
These isolated blastomerea underwent three or four 
cleavages which appeared to bear normal relations to 
each other. 	In a single case one blastomere was 
successfully destroyed at the four-cell stage. 	Two 
of the rt maining blastomeres cleaved once in the 
normal plane of third cleavage but the third blastomere 
remained uncleaved. 
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(3) Produced by chemical treatment. It was found that 
capsulated eggs at the uncleaved and two-cell stages 
when allowed to develop in filtered pond water in 
which there is a trace, 1:10000 of 0.14 silver 
nitrate solution, showed, in the majority of cases, an 
inhibition of development of one blastoure at the 
two-cell stage. 	This resulted in abnormal cleavage 
figures of 3, 5 and 9-cells etc. although cleavage 
pattern appeared to be normal in the uninhibited 
I blastomere. (Plate 114 Figures la and lb). 	It was 
found histologically that the -granules were 
accumulated at the periphery of each blastomere 
forming a deeply staining region. 	The nuclei were 
very large and vesicular with the chrornatii4 material 
at the periphery. 	The nucleolus was central in each 
blastomere and was never situated in the deeply 
staining peripheral region. 	The cleavage cavities 
formed at each division appeared larger than normal 
but the blastonieres flattened normally against each 
other before the next cleavage. The shape and 
position of the polar bodies was normal. (Plate 114 
Figure 2'. 
Similar treatment with silver nitrate at later 
stages of development produced no inhibitory effects 
on the blastorneres. 
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(J#) Discussion. These results are interesting In 
connection with the problem of localization of organ 
forming substances. 	In the few cases In which 
Isolation of blastoffEres was obtained mechanically at 
the two-cell stage, the Isolated blastomeres underwent 
normal cleavage synchronously with the controls. The 
spindle relationships were normal and as fur as could 
be ascertained externally the distribution of 
cytoplasmic constituents was also normal. 	Prom the 
single case In which one blastomere was destroyed at 
the four-cell stage and in which development proceeded 
for one cleavage In two of the blastomeres, the A and 
B or the C and D, as shown by the position of the 
ventral cross-furrow, no conclusion can be drawn 
except that, In the two blastomeres which did cleave, 
the third cleavage plan€ was horizontal to the polar 
axis and cut off two micromeres from two macromeres. 
No observations on the distribution of cytoplasmic 
constituents could be made as these embryos were kept 
in order to observe any further development until they 
started to disintegrate. 
The results of the experiments In which eggs were 
fragmented before first cleavage by prolonged 
centrifuging are interesting In their similarity to 
those obtained In the silver nitrate experiments. 	In 
both cases subsequent cleavage appears to proceed as 
if a complete egg were developing and In both cases 
there Is a peripheral aggregation of 	In the 
I cytoplasm. 	In normal development after extrusion of 
the! 
the polar bodies there is a peripheral aggregation of 
,-granules in thecub-cortical plasm (Raven 1°i1t5). 
However the aggregation of these granules In normal 
development Is not as marked as In the egg fragments. 
As Raven has noted the difference between the 
different plasma In the LImnaea egg Is not due solely 
to their different content of granular inclusions 
since the astral rays always stain with Azan staining 
technique, the same colour as the plasm In which they 
lie. 	It may be, therefore, that In these centrifugal 
egg fragments differentiation and organization of the 
cytoplasm into sub-cortical plasm takes place even 
although the egg is Incomplete. 	That Is, presuming 
that the movements of the-granules to the periphery 
in normal and fragmented eggs is controlled by some 
differentiation or organizer action of the ground 
cytoplasm In which the granules lie then prolonged 
centrifuging which fragments eggs before first 
cleavage, must act prior to differentiation of the 
ground cytoplasm. 	If this were not the case then 
subsequent differentiation and organization of the 
embryo would be abnormal. Thus, here again one can 
compare the results with those obtained by Conklin in 
Styela the ground cytoplasm and Inclusions can be 
moved by suitable centrifugal force. But In Styela 
it was fully differentiated cytoplasm which was 
dislocated so that monsters resulted; In Llinnaea It 
was relatively undifferentiated cytoplasm which was 
dislocated and which only became differentiated during 
the! 
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the maturation divisions and prior to first cleavage. 
These experiments in which fragmentation was produced 
by prolonged centrifugation and the experiments in 
which centrifugation merely produced stratification 
both offer evidence of some change in the nature of 
the cytoplasm about the time of first cleavage since 
at later stages of development no fragmentation of the 
egg could be produced. 	Apparently the change in the 
natire of the cytoplasm at this time does not affect 
the viscosity as is shown by the viscosity values 
given by Heikens (147) and De Vries (147) for 
Limnaea stagnalia. 
Visible evidence of the organization of the 
• ground cytoplasm, such as the peripheral aggregation 
of -granules, is found only in centrifugal egg 
ragments at subsequent stages of development. 	This 
subsequent organization appears to be independent of 
the nucleus at the time of organization since it takes 
place in both nucleated and enucleated centrifugal egg 
fragments. However, cleavage beyond the two-cell 
stage appears to be dependent upon the presence of the 
nucleus in the egg fragment. 	Thus the fragment, 
whether centrifugal or centripetal, which contains the 
nucleus is capable of undergoing further development. 
Centripetal fragments have only been observed to 
undergo one cleavage and little evidence of cytoplasmic 
organization was found In these fragments which were 
composed mainly of fat vacuoles, water vacuoles with 
associated '-granulea and a small volume of apparently 
undifferentiated/ 
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undifferentiated, clear cytoplisu. 	The centrifugal 
fragment, when it contained the nucleus frequently 
underwent several cleavages bearing normal 
relationships to each other and to the polar axis. 
As mentioned above the cytoplasm of the centrifugal 
egg fragments which is composed of heavy_granules 
and proteid yolk,,,/, -granules and clear hyaline 
cytoplasm shows visible evidence almost immediately of 
cytoplasmic organization. 	subsequent development of 
such centrifugal fragments Into rnorulae composed of 
micromeres and macromeres and, eventually, into 
ciliated embryos shows that further cytoplasmic 
organization and differentiation, comparable to that 
In normal embryos, has taken place. 
Harding and Thomas (1950) studied the effect of 
U.V. light on centrifuged eggs of ArbicIa. 	They 
found that a delay in cleavage resulted In all eggs 
but that the delay was significantly greater In those 
eggs irradiated through the fat cap than In those 
Irradiated through the piinent layer. 	Blum (1Li9) 
working on centrifuged Arbacla eggs have shown that a 
delay in cleavage results from the irradiation of the 
white halves of centrifuged eggs while Marshall (i9) 
working with the name species has found that a delay 
In cleavage may be produced by fertilizing the white 
halves of the eggs with Irradiated sperm. 	Harvey & 
Lavin (146) used U.V. light to examine the 
composition of centrifuged Arbacla eggs. They found 
the greatest absorption of the U.V. light of 
wavelength/ 
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wavelength 2537A. 0 to be In the clear layer of 
cytoplasm where there was the greatest accumulation of 
nucleic acid compounds. 
The mode of action of silver nitrate as an 
inhibitor of development is completely unexplained. 
It appears to cause inhibition of development In one 
blastornere of about 50',"of eggs treated before or 
during the two-cell stage. 	Its action appears to be 
absolutely specific for causing Inhibition of the 
two-cell stage. 	It was round impossible to determine 
whether there was any constancy In the Inhibition of 
either the AB or CD blastoinere. 	Thus It seems that 
here again some sort of differentiation takes place 
before the two-cell stage which In the light of these 
silver nitrate experiments may affect syrsinetry as well 
as polarity. 
E. VITAL STAINING 
Methylene blue. When capsulated eggs of the 
uncleaved, two and four-cell stages were placed In 
1:10,000 - 1:000,000 methylene blue solutions there 
was no differential staining of the cytoplasm. 	In 
uninjured blastomeres the cytoplasm remained unstained 
but in Injured or disintegrating blastomeres It 
assumed a deep blue colouration. The capsule fluid 
accumulated stain and appeared deep blue; both polar 
bodies stained deep blue. 
Neutral red. When uncleaved capsulated eggs were 
placed In 1:10,000 neutral red solution the vegetative 
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plasm stained more deeply pink than the animal plasm. 
A clear unstained region was evident in the region of 
the nucleus. The polar bodies stained deep red and 
the capsular fluid i.as again found to accumulate stain. 
Capsulated eggs at the two and four-cell stages 
treated with 1:10,000 - 1:100,000 neutral red solutions 
showed a uniform pink staining of the cytoplasm except 
in the nuclear region which remained unstained. 	The 
polar bodies again stained deep red. 
(3) Nile blue. Capsulated eggs at the uncleaved, 
bWO and four-cell stages treated with 1:10,000 - 
1:100,000 nile blue solutions showed no differential 
staining of the cytoplasm which stains a uniform 
blue-grey. There was a clear unstained area in the 
region of the nucleus in each blastomere. 	The 
capsular fluid accumulated deep blue stain but the 
polar bodies remained unstained. 
When egps, fragmented in the uncleaved state by 
centrifugation for one hundred minutes, were placed in 
1:10,000 nile blue solution for one hour the cytoplasm 
of the strata of the two fragments showed differential 
staining. 	The centrifugal fragment stained green 
centrifugally and deep blue centripetally. 	The polar 
bodies which lay at the side of this region remained 
unstained. 	The centripetal fragment showed three 
staining zones. 	A centripetal yello% -white region, a 
narrow, pale blue centrifugal region and a middle 
region which stained a slightly deeper blue. 	The 
capsular fluid again stained deeply blue. 
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IV DISCUSSION 
The results show that during the development of 
the oocytes within the ovotestes a polarity in their 
cytoplasm after mid-oocyte stage can be demonstrated. 
This polarity is only slight in the mid-oocyte but is 
strikingly evident in the fully grown oocyte. The 
change In staining reaction of the polarized cytoplasm 
from basophil to ecidophil at this time is probably 
due to the elaboration of acidophilic material by the 
¶-granules. The unattached, yolkfree pole of the 
oocyte In Limnaea Is considered to be the animal pole. 
Korschelt (189) has pointed out that the germinal 
vesicle usually, lies eccentrically towards the point 
P attachment of food supply; this point has been 
shown In many cases to coincide with one of the poles 
of the egg. This pole as well as having less dense 
cytoplasm has the nucleus displaced towards It. 
Hartung (1947) showed In his investigation on the 
distribution of osmophilic material in the Llmnaea 
stagnalle oocyte that by the mid-oocyte stage a clearly 
marked polar distribution of osmophilic material was 
evident. 	The greatest accumulation of osmophilic 
material was at the attached, vegetative pole of the 
oocyte. 	This osmophilic evidence of polarity 
persisted until the oocyte was shed from the ovotestes 
at which time the osmophilic Inclusions became more 
evenly distributed through the cytoplasm. 	Hartung 
was unable to determine whether the migration of 
osmophillc/ 
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osmophilic material was the result of factors solely 
within the oocyte or whether it was the result of an 
activation produced by fertilization. 	In this 
connection it is interesting to note that Bretschneider 
(1948) has round that movements of the first matnrutlon 
spindle are Independent of Insemination of the oocyte 
and that whatever time the first maturation spindle 
may form with relation to Insemination it never 
migrates to the animal pole until after InaemIntIon. 
These Investigations show that an unmistakable 
polarity exists in the ovarian oocyte. 	That a 
polarity exists in the oocyte at the time of 
oviposition Is also evident. 	However, all attempts, 
so far, to correlate the polarity of the ovarian 
oocyte with the polarity of the newly laid egg have 
proved unsuccessful. 	Conklin (1903) examined the 
development of Limax, Succinea, Limn.aea, Physa and 
Planorbis but was unable to find any evidence of 
correlation or reversal of polarity between oocytes 
and ova In any of these species. 'This Investigation 
of Conklin Into the polarity of the ovum of dextral 
and sinistral species during their development was the 
outcome of his observation that the position of the 
ventral cross-furrow at the four-cell stage In dextral 
and sinistral forms was orientated In opposite and 
equal degrees to the right or left in the two forms. 
The picture obtained when the ventral cross-furrow of 
a sinietral egg was viewed from the vegetative pole 
was the same as that obtained when the ventral 
cross-furrows/ 
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cross—furrows of a dextral egg was viewed from the 
animal pole. 
The question of the nature of polarity has not 
been fully answered and many suggestions have been 
made. 	Hertwig (1893) and Rhumbler (18914) believed 
polarity was due to gravity which caused the heavy 
yolky material to fall to the lower, vegetative pole 
of the egg. 	However, this hypothesis has long since 
been discredited on the basis of centrifugation and 
other experiments. Child in a long series of papers 
advocates that polarity Is a metabolic gradient. But 
when a metabolic gradient can be shown to exist 
between the two poles of the egg It is impossible to 
determine whether it is the cause or the result of the 
polarity. 
The process whereby a polarized gradient can 
arise in the cell is therefore, as yet unexplained. 
However Lillie (1906) working on the egg of 
Chaetopterua described a polar ectoplasmic defect 
where the endoplasm comes to the surface under the 
external egg membrane. He described the endoplasm 
J5 coming to the surface at two places - a small area 
In the centre of the animal pole and over a large 
portion of the vegetal hemisphere, 	Costello (19145) 
believes it possible that the ectoplasmic defect at 
the animal pole could give rise to a well directed 
I polar diffusion gradient. 	This hypothesis Is of 
interest In respect to the eggs of Limnaea since some 
such defect, present in the ovarian oocyte might 
account/ 
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account for the polarity of the egg. 	Other workers 
have suggested that polarity In the egg is of the same 
nature as electric polarity. 	This Is not supported 
by work by Conklin (1912) on Crepidula In which two or 
more eggs were stuck together and placed in an 
electric circuit. 	The original polarity of each 
componant persisted and there was no evidence to 
suggest that the polarity of fused eggs was the 
resultant of the polarities of the componante. 	Raven 
(19148) subjected the eggs of LImnaea stagnali&, both 
capsulated and decapsulated, to the Influence of an 
electric field. 	Although the capsules were found to 
have a negative charge the eggs showed no orientation 
with respect to the direction of the electric field. 
Driesch, Przibrain and Harrison all regard the polarity 
and symmetry of the egg as the resultants of the 
polarity of their constituents at the macro-molecular 
level. 	However, as Conklin has pointed out, although 
the ultimate polarity of the egg may be due to the 
polarity of its constituent molecules or molecular 
aggregates this Is not the immediate cause of the 
polarity of the egg. 
Blochrnann (1882) found In Neritina fluviatilis, 
on the right and left of the polar bodies, a mass of 
coarse granules which he traced to the right and left 
velar cells. 	This Indication of bilateral structures 
In eggs suggests that In other gastropod egrs there 
may also be evidence of bilaterality. 
It/ 
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It seems reasonable to deduce from these 
centrifuging experiments that a critical arrangement of 
cytoplasmic material must occur during or just after 
first cleavage since eggs centrifuged before that time 
show relatively little evidence of a dislocation of 
organ-forming substances in the cytoplasm. Raven 
(16) has made a detailed study of the redistribution 
of visible cytoplasmic substances of the eggs of 
Limnaea stagnalis centrifuged before first cleavage. 
He found that the,/ -granules became normally 
redistributed through the cytoplasm and accumulated at 
the animal pole as in normal eggs. 	The f,-granules 
remained displaced for a considerable time after 
centrifugation and there was evidence of their 
dislocation even at the gastrula stage. 	These results 
seem comparable to those obtained in the present 
centrifuging experiments. The slow redistribution of 
the accumulation of large -granules and associated 
yolk appears to support the theory that the abnormal 
development observed at later stages of development may 
be due to mechanical interference to cleavage and 
differentiation by these accumulated s-granules and 
associated inclusions. 
The abnormal development of eggs centrifuged 
before the second and third cleavages suggests that the 
egg at these stages has become susceptible to 
dislocation of the organ forming substances, as :ell as 
of visible cytoplasmic inclusions, in the cytoplasm. 
These organ forming substances must exist, as Conklin 
suggests! 
suggests, in the ground cytoplasm and not in the 
visible cytoplasmic constituents whose only role In 
dislocating normal development in centrifuged eggs may 
be by mechanical interference with normal developmental 
processes. 	This condition in Limnaea might be 
considered similar to that described by Conklin (1931 ) 
In Styeli. 	In this ascidlan egg only visible granular 
cytoplasmic constituents appear to be moved by a weak 
centrifugal force and normal development results; a 
strong centrifugal force appears to move also organ 
forming substances and development Is never normal. 
In such abnormal embryos the cells are atypical in 
form, position, contents and cytoplasmic constituents, 
and monsters are produced with organs bearing abnormal 
relations to each other. 	It seems that In Lirnnaea 
peregra the difference lies not In the strength of 
centrifugal force but in the state of differentiation 
of the egg at the time of centrifugation. Thus 
Limnaea eggs centrifuged before first cleavage react 
similarly to undifferentiated eggs, e.g. echinoderm 
eggs, and show few ill effects as a result of 
centrifugation. Eggs centrifuged after first cleavage 
show marked Ill-eff -'cts of a type which suggest that at 
the time of first cleavage there has been 
differentiation of the egg cytoplasm so that it Is now 
In a condition somewhat comparable with that of the 
egg of Styela at the time laying. 	Dislocation of the 
cytoplasmic substances of the Linmuea egg at this time 
may also produce monsters of which some parts bear 
abnormal/ 
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abnormal relationships to each other, as in Styela, but 
with the added point that In Limnaea not only may the 
abnormal parts bear abnormal relations with other parts 
but also, that if they are derived from the first three 
quartettes of micromeres, they may represent a 
duplicated part and the duplicated parts may even bear 
normal relationships to one another. Thus It would 
appear that although a differentiation does occur in 
Lirnnaea eggs at first cleavage it is not strictly 
comparable to the state of differentiation found In 
Styela and other ascidlan eggs since the dislocation of 
organ-forming substanceG produced by centrifugation In 
Lluinaea must be only partial and duplication or parts, 
therefore, a possible result of such Incomplete 
dislocation. 
Heikena (1t7) In a paper on the viscosity changes 
in the egg of Limnaea atagnalls during cleavage and 
De Vries (19147) in a paper on the effect of lithium 
chloride on these viscosity changes have shown that 
prior to each maturation division viscosity is low. 
After extrusion of the second polar body viscosity 
rises to a maximum after which there is a decrease 
shortly before first cleavage. Viscosity begins to 
rise at the time of the appearance of the first 
cleavage furrow and reaches a maximum ten to fifteen 
minutes later before starting to drop before the next 
cleavage. 	Therefore according to the data given by 
Raven (4946) on the time schedule of cleavage, the 
viscosity Is low during prophase, metaphase and early 
anaphase/ 
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anaphase and is at its highest at late telophase. 
This generalization appears to be true both for the 
maturation divisions and for the first cleavage. Thus 
It appears that the viscosity changes of the egg 
cytoplasm in Lirnnaea shows no relation to the presumed 
differentiation of the egg cytoplasm which occurs about 
first cleavage. 
In general, from these observations on the 
development of egg fragments, Irrespective of whether 
they are produced by isolation, silver nitrate or 
centrifugation, it would appear that primary, animal-
vegetative polarity of the egg Is determined at an 
early stage or development, probably during development 
In the ovotestea. 	It appears also that subsequent 
cleavage follows a spiral pattern relative to this 
primary axis in the direction expected as determined by 
the genetical history of the embryo. 	Moreover, a 
further cytoplasmic differentiation in fragments, as in 
normal eggs, takes place after maturation so that 
subsequent distribution of cytoplasmic materials and 
cellular differentiation appears to be normal relative 
to the primary axis. 
From breeding experiments it has been shown that 
the character of direction Df coiling Is "maternal" in 
effect. 	That Is, that the genetical constitution of 
the embryo does not control Its own direction of 
cAlIng; the effect of Its genetical constitution Is 
delayed for one generation, that is to the female germ 
cells in Its ovoteates when it reaches maturity. 
Consideration/ 
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Consideration of the question of the determination 
of polarity of the egg leads one to consider whether 
polarity may not also show a type of "maternal" 
Inheritance. The primary polarity of the egg in 
Limnaea appears to be determined before fertilization 
and even before Insemination either as a direct result 
of the activity of the genes in the ovarian egg or by 
external conditions in the mother affecting the egg 
during its ovarian development. 
V TABLES 
TABLE I 
Effect of centrifuging on hatchability and exogastrulation 
Group Number No. Eggs % of Total No. Eggs Hatch % Eggs Hatch No. Exog. ' Exog. 
I 145 62.9 61 42.1 76 52.6 
2 59 2t1.6 20 33.9 29 49.1 
3 30 12.5 8 2.6 13 43.3 
TABLE 2 
Occurrance of Abnormalities in Young Snails which were centrifuged at the four-cell stage 
Snail Ref. No. 
Abnormality 'I)4Y)o'1(s)k I(c)  '1 
Total 
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TABLE 3 




0.005% 0.01% 0.02% 0.03% 0.0L% 0.05% - 0.08% 0. 15, 0.21 0.5% 
12-16 
cells - -- -- L. 111 -cell L. III L. III L. III L. ITT cell 
1-cell 
vacuolted iacuolated vacuolated vacuolated vacuolated 
24-.cell L.I. L.I. L.I. hatch -- 24-cell 24-cell -- -- -- 
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TABLE L 
Effect of Thiourea on the Egrs of Limnaea 1'ere'a 
- 	 Concn. 
Thiourea 
0 5  Age 
1-cell No development: 	some eggs swell after 14 hours. 
Earl 	2-cell Irregular and abnormal cleavages; 
distinct ecto- and endo-plaerns. T.I. of which 25,"  produce exogastrulae. 
Abnormal cleavage to 1 2-cells; 	Large 
Late 2-cell Irreg].ar and abnormal cleavages, central cleavage cavity; 	distinct ecto- and 
endo-plasms; 	some produce exogastrulae. 
Early 14-cell 	, 4 - 16 cells. Loose morula of 12 - 16 cells. 
L.I with large blastocoel; 	distinct ecto- Late 14-cell 14 - 16 cells. and endo-plasina; 	some produce exogastrulae. 
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TABLE 5a 
Development of Controls and Egg Fragments produced by Centrifuging 
Egg 
- Reference Control Control Uncentrifuged Centrifuged (C28) b3 (C23) b4 (C25) b5 (C28) b6 Time (c2) al (C25)b1 
28/6/50 1-cell 1-cell 1-cell 1-cell 1-cell 1-cell 2 polar bodies 2 polar bodies 2polar bodies  polar bodies 2 polar bodies 2polar bodies 
10. 50 a.m. uncentrifuged centrifuged centrifuged centrifuged centrifuged centrifuged 
30 minutes 100 minutes 100 minutes_ 100 minutes 100 minutes 
1-cell 1-cell 
(elongated) 
let cleavage polar bodies 
11.20 a, m. spindle area at Y --- --- --- 
visible ) Y 
3 zones : 	c 
1-cell I yolky part I yolky part I yolky part I yolk.y part 
(elongated) I white part I white part i 	I white part I white part 
12,30 p.m. 2-cell ' 	y polar bodies polar bodies polar bodies polar bodice 
(rounded) 3 zones 	i c at white at yolky part at white I at yolky 
w part  part part  
1-cell 
(less elongated) I yolky part I yolky part 1 yolky part '1 yolky part 
2—cell stratification 
stratified stratified stratified stratified 
2 p.m. 
(flattened) less distinct white part I white part I white part I white part 
) y 2 zones stratified stratified stratified stratified 
Start 
let cleavage yolky purl 2 yolky parts 2 yolky parts I yolky part 
at yolky stratified unstratified unstratified unstratified 
3 p.m. Li—cell animal pole I white part I white part I white part 2 white part 
y stratified stratified stratified stratified 
2 zones 
)w 
2-cell I yolky part 1 yolky parts 2 yolky parts I yolky part 
ii. p.m. 8-cell 
unstratified unstratified unstratified unstratified 
) Y I white part f white i art I white part 2 white parts 
I 
2 zones stratified stratified stratified stratified 
I yolky part ti yolky parts 2 yolky parts I yolky part 
2-cell unstratified unstratified unstratified unstratified 
4-45 -P-m- -12 - cell 
Y I white part I white part I white part 2 white parts 
2 zones 	W stratified stratified stratified stratified 
I yolky part 16-20 yolky 16-20 yolky I yolky part 
29/6/50 unstratified parts parts unstratified 
L  L  
9.30 a.m. I white part I white part I white part 2 white parts 
stratified stratified stratified stratified 
ciliated 16-20 yolky 
30/6/50 vacuola ted 
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TABLE 6 
Before 1st Cleavage 	2 - cell 	Decrease In viability 	I - cell 
Clement 	 36% 	 23% 	 36% 	 3 
Conklin 	 70 	 10% 
Raven 	 77% 	 77% 
Robertson 	 70 	
I____________ _ ______________ 
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PLATE V 
ELATE V I 
7 \! 
(T 
Fig. I 	 Fig. lb 
Fig. 2a 	 Pig. 2b 	 Fig. 2c 
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PLATE XI 




















Fig. la 	 Pig. lb 
Fig. 2a 	 Pig. 2b 
PLATE XIV 
Fig. la 	 Pig lb 
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EXPLANATION OF PLATES 
PLATE I 
Dextral and sinietral Liznnaea peregra 
PLATE II 
Dissection of the reproductive system of Limnaea 
peregra (diagrammatic); ov.t. = ovotestis or 
hermaphodite gland; ap.ov. 	epermoviduct or 
hermaphrodite duct; albgl. = albumen gland. 
Ut. = uterus; miic. gl . = muciparous gland; 
ooth. gi. = oothecal gland of uterus; vag. = vagina; 
pros. gi. = prostate gland; v. eff. = vas efferens; 
pen. = penis; sem. recept. = seminal receptacle. 
PLATE III 
Fig. 1. Changes in cytoplasm and nucleus of the 
oocyte during Its growth In the ovoteetis, (a) young 
oocyte; (b) older oocyte. 
Fig. 2. Diagrammatic representation of the cell 
relationships In the four-cell stages of: (a) dextral 
and (b) ainistral eggs of Limuaea perea. 
PLATE IV 
Fig. 1. Longitudinal section of a newly-laid egg of 
Limnaea peregra showing first maturation figure. x 450 
Fig. 2. Section of a newly-laid egg of LIrrfflaea perea 
shoving a polar view of the chromosomes of the first 
maturation division on the metaphase plate. x 450 
Fig. 3. Longitudinal section of the egg of Limnaea 
peregra showing the metaphase of the second maturation 
division. x 450 
Fig. 4/ 
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Fig. L. Longitudinal section of the egg of L1.mnaea 
peregra showing the first cleavage. x 1450 
PLATE V 
Figs. 1-6. The six stages In the development of the 
egg of Llmnaea peregr. h.v. = head - vesicle; 
alb. c. = albumen cell; ah. = shell; f. = foot; 
h. = heart. 
fl a Ifl%, 	•t -r 
Fig. 1. Distribution of animal and vegetative pole 
pla8rfls In the egg of Limnaea peregra during 
(a) first maturation division; and (b) second 
maturation division. 
Fig. 2. Stratification produced In the errs of Liinnaea 
peregra centrifuged at 2,000 r.p.m. for 10 minutes. 
(a) newly laid; (b) after formation of first polar 
body; (c) after formation of second polar body. 
gr. = grey region; ci. = clear region; 
y. = yellow region. 
PLATE VII 
Fin. 1. Section of eggs of Liumaea peregro which were 
centrifuged at 2,00 r.p.m. for 10 minutes prior to 
first maturation division. (a) egg fixed Immediately 
after centrifugation; (b) egg fixed at time of first 
cleavage. o.gl . — oil clobules; mit. = rnitachondria; 
y. = yolk. 
Fig. 2. Section of an egg of Llmnaea peregra 
centrifuged at 2,000 r.p.m. for 10 minutes at time of 
first cleavage. x 1450 
PIg. 3/ 
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Pig. 3. Section of an egg of Limnaea peregra 
centrifuged at 2,000 r.p.m. for 10 minutes at the 
two-cell stage showing the second cleavage spindles. 
x1450 
PLATE VIII 
Fig. 1. Drawing of a normal gastrula of LItmaea 
peregra. h. vas. = head vesicle; oes. = oesophagus; 
rad. = radula; f. = foot; oh. gi. = shell gland; 
alb. c. = albumen cells of endoderm; 
neph. = nephrocyte. 
Fig. 2. Drawing of a section of an exogastrula 
produced by centrifugation of the eggs of Liumaea 
per egra at 2,000 r.p.m. for 20 minutes at the four-cell 
stage. f. = foot; oh. gi. = shell gland; 
alb. c. = albumen cells of the endoderm; 
neph. = nephrocyte; fl. = fluid 
Fig. 3. Photograph of a section of an exogaatrula 
similar to that in Pig. 2. x 250 
PIg, 14. Photograph of a whole mount of an exogastrula 
similar to that In Fig. 2. x 210 
PLATE IX 
Figs. 1-9. Abnormal young snails of Llmnaea peregra 
produced by centrifuging eggs at the four-cell stage 
at 2,000 r.p.m. for 10 minutes. 
PLATE X 
Abnormal young snails of 1,Imnaea peregra produced by 
centrifuging eggs at the four-cell stage at 2,000 
r.p.m. for 10 minutes. 
Zia- J/ 
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Fig. 1. Snail (8f. 
sh. = shell of primary snail; 
1'. = foot of primary snail; 
e. t. = eye and tentacle of primary snail; g. = gut; 
sb. 2 = shell of secondary snail; 
= foot of secondary snail; 
e.2 t..2 = rudimentary eyes and tentacles of secondary 
snail. 
Fig. 2. Snail (8f)d. 
sb.1 sb.2 sb.3 = rudimentary shells; 
t. = eyes and tentacles; 
e.2 ti.2 = secondary duplicated eye and tentacle; 
= foot; protr. = protruberence; g. = gut. 
Fig. 3. Snail (8f)h. 
eh., = shell; sb. 2 = secondary duplicated shell; 
t. = eyes and tentacles; e.2 = duplicated eye; 
= foot; g. = gut; protr. = protruberence. 
Fig s  14. Snail (D14)b. 
e. = eye; f. = foot; g. = gut. 
Figs. 5a and 5b. Snail (C26)b. 
sh1 and sh. 2 = shells I and 2; f. = foot 
e. t. = eyes and tentacles; 
e.2 t.2 = duplicated eye and tentacle. 
PLATE XI 
Fig. 1. Section of an egg of Limnaea peregra at the 
three-cell stage produced by treatment of the egg with 
0.06% magnesium chloride before first cleavage. x 1450 
p. b. - polar bodies. 
Figs.! 
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Figs. 2a, 2b and 2c. Abnormal cleavage figures 
produced by treating the uncleaved egg of Linmaea 
peregra with 0.06% magnesium chloride. 
Fig. 2d. Section of an egg of Lirmaea pregra treated 
in the uneleaved state with 0.06% magnesium chloride 
which shows cytoplasmic cleavage and the formation of 
a trlpo].ar spindle. 
PLATE XII 
Fig. 1. Section of an egg of Llmnaea peregra treated 
before first cleavage with 1% thiourea. x 450 
n, = nucleus; p. b. = polar bodies. 
Figs. 2a and 2b. Five-cell stages produced after 
treatment of the eggs of Liuiaea peregra at the 
two-cell stage with 0.5% thiourea. 
PLATE XTII 
Figs. la and lb. Loose groups of blastomeres and 
vacuo].ated blebs produced when eggs of L1rmaea peregra 
were treated with 0.0005% calcium chloride before 
maturation. 	vac. b!, = vacuolated bleb. 
Fig. 2. Four-celled half-embryo of Lirimaea peregra 
produced after one blastomere was removed, at the 
two-cell stage. 
Fig. 3. Four-celled half embryo of Llmnaea peregra 
produced after the AB blastomere was inhibited by 
beln -r pricked at the two-cell stage. 
PLATE/ 
PLATE XIV 
Figs. la and lb. Three and five-cell stages produced 
when eggs of Lixnnaea peregra were treated with silver 
nitrate before first cleavage. 
Fig. 2. Section of the two-cell stage of an egg of 
Llmnaea peregra which was treated with Buyer nitrate 
before first cleavage. x 450 
ec.-end. bound = ecto-endo-plasmic boundary; 
IV 
n. = nucleus; ci. cay, = cleavage cabity. 
PLATE XV 
Pigs. I and 2. Whole mounts of an egg of Llrnnaea 
peregra which was centrifuged at 2,000 r.p.m. before 
first cleavage for 100 ruins, showing a centrifugal 
part and two centripetal parts. x 250 
cf. = centrifugal part; cp. = centripetal part. 
PLATE WI 
Figs. I and 2. Sections of eggs of L1uniaea peregra 
which were split by centrifuging at 2,000 r.p.m. for 
100 mIne, before first cleavage. Both eggs show two 
centrifugal parts and one centripetal part which 
contains the nucleus. x 250 
cf. = centrifugal part; cp. = centripetal part; 
n, = nucleus. 
Figs. 3a and 3b. Two serial sections of an egg of 
Limnaea peregra which was split by centrifuging at 
2,000 r.p.m. for 100 minutes before first cleavage. 
This egg showed two centripetal parts each containing 
a nucleus and a sinrle centrifugal part. x 450 
cf. = centrifugal part; cp. = centripetal part; 
n. = nucleus. 
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VII SUMMARY 
The snail Llmnaea peregra Is normally dextral; a 
slnlstral variety was obtained from a pond at Tycoek 
and was used in experiments to determine the nature 
and determination of coiling in this mollusc. 
The polarity and symmetry of normal eggs during 
development was reviewed. 
The directions of spindles and cleavages were 
altered by centrifugation. 	From these experiments 
it was concluded that eggs centrifuged prior to 
first maturation division show orientation on the 
centrifuge with the polar axle at a slight angle to 
the direction of the centrifugal force; but In eggs 
centrifuged after formation of the first polar body 
there Is no such orientation. 	The highest 
proportion of abnormalities was produced after 
centrifugation at the four-cell stage. 	Many of 
these abnormal embryos were of the exogastrula-type, 
others showed mainly duplication of organs and 
structures. 	It is suggested that both types of 
abnormalities may have been produced by the purely 
mechanical effect of the centrifugal force in 
orientating the cell constituents in such a way that 
the normal distribution of presumptive organ forming 
regions Is prevented. 
14/ 
S. 
Z4. The centrifugation experiments also suggest that a 
differentiation of the cytoplasm of the egg takes 
place about the time of first cleavage. 
The effect of various chemical agents on polarity 
and symmetry was also investigated. 	Abnormal 
cleavages were observed but in no case was there 
evidence of reversal or absence of symmetry.  
Eggs were gragxnented by prolonged centrifucation. 
In all cases subsequent cleavages, which appeared 
to be dependent on the presence of the nucleus, 
bore normal relationships to each other. 
Half-embryos produced by mechanical destruction by 
pricking of one blastomere at the two-cell stage 
also showed normal cleavage relationships. 
It was found that silver nitrate In very dilute 
concentration has an Inhibitive effect on one 
blastomere at the two-cell stage. 	The uninhibited 
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X APPENDIX I 
BREDING EXP2 IJENTS 
The gastropod species L. peregra breeds freely 
under natural conditions. 	Like other aquatic 
pulmonates It is hermaphrodite and breeds either by 
self- or cro8s-fertilization. 	Breeding experiments 
introducing albino strains have shown that sperm 
received by cross-fertilization are used preferentially 
to those belonging to the snail Itself. Normally all 
snails of this species show a dextral coiling of both 
shell and body. 	In a few isolated localities, 
however, snails of this species showing sinistral 
coiling have been found living In the same pond as 
dextral snails. 	Morphological examination of these 
dextral and slnletrzul snails has shown that the 
sinlatral snail is a complete mirror Image of a dextral 
and that the difference is evident In the whole 
development of the Individual. 	Boycott, Diver, 
Garetang and Turner (1930) have shown that a snail must 
be either dextrally or slnietrally coiled, although the 
shell may show coiling abnormalities, e.g. assuming a 
"Planorbis-like" form. 	They believe that the spiral 
twst In the soft parts of the adult is an essential 
quality of the gastropod rnollusca (and similarly a 
spiral mode of cleavage In the egg). 
From their data on line breeding of dextral and 
elnistral L. peregra et al (1930) concluded that the 
inheritance of dextral and sinlatral coiling follows a 
Mendelian/ 
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Mendelian scheme In which there Is a delay of one 
generation so that segregation Is by broods In the F3 
generation Instead of by individuals in the F2 
generation. 	Other characters such as albinism and 
shell-shape appear to follow normal Mendelian 
Inheritance and segregation is apparent In the 
Individuals of the P2 generation. 	These workers also 
believe that In their stocks there existed a general 
tendency for dextrala to appear where slnistrala would 
be expected, either as genotypic dextrals produced by 
a mutation or as phenotypic dextrals which are 
considered "monsters." 
During the three breeding seasons In which my 
experiments were in progress three generations of 
young snails were produced by self-fertilization from 
the original phenotypically dextral and sinistral 
snails. 	Other workers (Boycott et al 1930) were able 
to produce two generations during a single breeding 
season. 	I did not find this possible In the 
conditions under which my snails were reared. 
Inbreeding by self-fertilization produced a progressive 
reduction each generation both in the total number of 
eggs produced by each snail and in the average number 
of eggs in each egg mass (from 19 to 6.6 eggs/egg mass). 
Twelve snails of the ainistral containing Tycock 
stock were isolated; four phenotypically dextral and 
eight phenotypically siniatral. 	Ten young snails of 
the P progeny of each of these snails were planted 
out In individual jars and records made of the total 
number/ 
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number of young produced by each snail and the 
direction of coiling of the embryos. In the following 
generations, each also produced by a self-fertilizing 
snail, a different procedure was used in order to keep 
the number of jars from becoming too great. Several 
young snails of the P1 and F2 generations were isolated 
In individual jars until they had produced young whose 
direction of coiling was determined. All young snails 
of the same generation and stock producing the same 
type of young were then returned to a coutminal jar. 
Further eggs laid by these snails were used for 
experimental purposes 
Of the twelve snails originally isolated 
(4 dextral and 8 alnlstral) only ten survived 
(4 dextral and 6 slnistral) and produced progeny. Of 
the ten snails of this generation Isolated from each 
stock ninety-one snails (35 dextral and 56 siniatral) 
survived but of these only forty-six (20 dextral and 
26 sinistral) produced progeny. 	These young were 
isolated and progeny were produced by only twenty 
stocks (9 dextral and 11 sinlstral). 
It was found that from the ten young snails 
isolated from each of the four original dextral stocks 
six dextrul lines had been produced to the P3 
generation; three sinistral lines to the P3 generation 
and a further six sinistral lines to the F2 generation. 
In the progeny of the ten young snails isolated from 
the six surviving original elnistral snails eleven 
elnistral stocks were obtained to the P2 generation 
and! 
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and a further six to the F3 generation; four dextral 
lines to the F3 generation as well as other seven to 
the F2 generation were also obtained. 
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The four original phenotypically dextral snails 
were labelled A-D and the eight original phenotypically 
sinietral snails were labelled 1-8. 	However, of these 
sinistral stocks only 1, 3, 5, 6, 7 and 8 survived to 
produce eggs. 
Since all the material required In the experiments 
was to be the result of self-fertilization no back 
crosses to determine the genetic constitution of the 
dextral lines were made. All pure dextral snails 
required were obtained from populations in local ponds 
containing only dextra]. snails. 
Summary/ 
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Summary of Breeding Results 
(Let D be dominant dextral to D. sinistral) 
Stock A 
From breeding experiments it has been found that 
from this stock a pure ainistral line has been 
established with the genetical constitution dd. 
Stock B 
The results Indicate a stock which has originated 
from a heterozygons parent and from which by 
self-fertilization dextral lines and a elnIstral line 
(37) have been produced. 
Stock C 
Appears to be a pure sinistral stock similar to 
Stock A. 	The two Instances ( C2 and C) in which 
dextral progeny were produced In the F3 generation are 
explicable only on the basis of a mutation having 
occurred, This Is comparable to the dextral 
break-through described by Boycott et al. 
Stock D 
Like Stock B this stock appears to have originated 
from a heteroxygous parent. The occurrence, In two 
instances (DI and D) of sinistral progeny Indicates 





The results of the breeding experiments indicate 
that this Is a pure sinlatral stock. 	The dextral 
progeny produced In the F2 generation of I c must be 
due to a mutation. 
Stock 3 
This stock evidently originated in a heterozygous 
condition. 3a, 3b, 3e and 39 produced sinistral 
progeny In the F2 generation indicating in these 
instances a dd-genotype. The genotypes of the five 
remaining lines were not exactly determined (DD or Dd) 
except In the case of 3h in which alniatral progeny 
were produced in the P3 generation thus establishing 
another pure sinistral line. 
Stock 5 
Appears to be a pure sinistral stock, no 
mutations having, so far, occurred. 
Stock 6 
Like Stock 5 this Is evidently a pure sinistral 
stock. 
Stock 7 
The breeding experiments show that this stock was 
originally heterozygous elnistral. 	In the F2 
generation segregation occurred and pure sinlstral 
lines were established from 7a and 7b. 	In the F3 
generation 7h produced another pure sinistral line 
while 7e and 7f continued dextral lines of 
undetermined genetic constitution. 
-112- 
Stock 8 
From the results it appears that this stock was 
originally pure sinistral since all F1 snails were 
olnistral and with the exception of 8a all P2 snails 
were also sinistral. 	The occurrence of dextral 
progeny in the F2 of 8a must be due to a mutation 
dextral so that dextral progeny were again produced In 
the P3 progeny of 8a. 	8b, 8f and 8g continued to give 
sinistra]. F2 generation. Another mutation to devtral 
in this stock occurred in the 8g line which produced 
a dextral P3 generation. 
Table I summarizes the numbers In each stock of 
young snails produced and isolated In each generation. 
It also shows the numbers of such isolated snails which 
reached a maturity judged by their ability to produce 
eggs by self-fertilization. 	(These figures do not 
represent the total production of young by each stock 
in each generation as after the direction of coiling In 
each generation had been determined all subsequent eggs 




Eggs 	Young 	Young reach 	Eggs 	Young 	I Young reach 	Eggs 
Produced isolated maturity Produced isolated I maturity Produced 
1 12 10 8 265 15 2 0 
3 169 10 9 1001 145 9 2 
5 141 10 10 324 314 10 1 
6 1914 10 10 40 11 2 2 
7 236 10 8 929 65 8 2 
8 114 10 9 163 25 10 3 
A 108 8 7 91 10 2 4 
B 1147 8 8 593 53 Ii 2 
C 123 10 10 703 63 9 6 
D 125 10 9 1481 140 17 5 
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APPENDIX II 
EGG PRODUCTION DURING SEASON 1949-50 
N - normal eggs 
P - po].yembryonic, i.e. several eggs within some or 
all ego capsules 




















Al 38 75 29 N 3.9 May-June August 
+ A2 o October 
+ A3 17 N June October 
9 PJi. 32 N September Septembex 
9 BI 96 87.5 83 P 9.7 May-Sept. August 
B2 If P May-Sept. 
9 B3 123 P May-July July 
+ BLt 108 A P June-Oct. October 
+ B5 151 P June-July August 
B6 51 N July-Sept. November 
O B7 12 P September November 
- B8 8 P September Septernbe1 
- Cl 130 90 78 N 6.3 May-Oct. October 
- C2 137 N May-Oct. 
- C3 123 N May-July August 
- CLI. 68 N May-July August 
- C5 11 N May-July August 
- C6 34 N May-Sept. October 
- C7 94 p May-Oct. 
+ C8 97 N June-Oct. 
+ C9 8 N June-July August 
- cio 0 November 
- DI 94 50 115 N q.6 May-June August 
+ D2 190 P June-Oct. 
+ D3 148 P Sept-Oct. 
9 DL 28 N Sept. 
9 D5 o September 
D6 0 
D7 0 
- D8 0 September 
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- Ia 141 80 63 N 	3.6 May-July August 
- lb 30 A MSy-July August 
- Ic N May.-Sept. September 
+ Id 0 
4 le 8 N September October 
- 3a 116 100 134 N 	12.1 4ay-Ju1y August 
- 3b 178 N May-Sept. September 
- 3c 146 N May-Sept. September 
- 3d 159 A P May-June September 
- 3e 156 N May-June August 
- 3f 72 N May-June October 
- 3g 39 N May-June August 
+ 3h 120 A May-June September 
+ 31 25 N May-July August 
- . 	5a 102 33.3 80 N 	6.3 May-Oct. 
- 	 : 5b 1 54 P May-July August 
+ 5c 0 September 
+ 5I 0 August 
- 5e 0 : September 
- 5r 34 N Sept.-Oct. 
- 5g 0 . 
- 5ti 0 
- 51. 0 
- 5J 0 October 
- 5k 32 N September 
- 51 0 
+ 6a 0 25 9 August 
+ 6b I P September October 
+ 6c 10 N September 
- 6d I P October 
- 6e 8 p October October 
- 6f 0 
- 6g 0 October 
- 6h 0 October 
- 7a 100 100 10 P 	5.7 May-July August 
- 7b 186 A May-July August 
- 70 116 N May-July August 
- 7d 100 N May-July August 
- 7e 72 N May-Sept. September 
- 7t 135 P May-Sept. October 
+ 7g 92 p June-July August 
+ 7)1 37 p May-July August 
- 8a 24 62.5 31 N 	 2.5 May-Oct. 
- 8b 37 N May-Sept. September 
+ 8c 0 August 
+ 3d 8 A June-ept August 
- 8e 0 August 
- 8t 33 N September 
- 8g 55 N September 
- 8h 0 
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